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ABSTRACT 
The gamitana, Colossoma macropomum, is the largest characin in 
the Amazon. Detailed studies of the diet of young gamitana reveal 
that juveniles feed mostly on zooplankton, frui t and seeds. 
Zooplankton rema in important in the diet until maturi ty is 
reached at about 55 cm in total length and approximately 4-6 Kg 
in weight. Fruits and seeds are also eaten in large quantities 
by young .gamitana, especially during t he high water period when 
these items are abundant in the flooded forest. Numerous 
gillrakers and molariform-l ike teeth allow t~e young fish to eat 
two disparate types of food that, alone or in combination, are 
relatively abundant throughout the year. 
The species spawns in the river channel when levels begin to 
rapidly rise, Both fertilized eggs and newly hatched larvae are 
carried downstre ~ m for several days befare the fry find nursery 
habitats. Gamitana have not yet naturally bred in capitivity. 
However, reports of successful induced breeding incorporating 
hypophysation have been made from Brazil, Colombia, Venezuela , 
Panama and Peru. Gamitana have been induced to spawn using the 
hypophysis taken from Cypr inus carpio, Prochilodus cearensis, 
Colossoma macropomum, and with less frequency from Arapaima 
gigas, Serrasalmus, sp., and Mylossoma sp. Positive resul ts were 
also obtained with combined dosages of hypophysis extracts and 
Pregnil, a synthetic Human Chorionic Gonadotropic hormone (HCG). 
The successful use of HCG, and LH-RH analog ha ve also been 
reported. The doses used are variable. The eggs are fertilized 
by the dry method. A female lays an average of 66,000 eggsjkg 
body. weight. The incubation period a t 26-29 oc is between 17-23 
hours . Temperatures above 30 oc seem to be lethal. The semi-
pelagic eggs can develop successfully in a Woynarovich incubator. 
The yolk-sac stage lasts 4- 5 days, and the first feeding occurs 
5 days after hatc hing. It i~ possible to raise the larvae on a 
diet of macroencapsulated eggs as well as on zooplankton filt e red thr~ugh a 150-200-micrometer sieve, or they can be produced in 
fertilized nursery ponds. 
i 
Physiological investigations on the dietary requirements of 
this species have been limited to protein needs . The findings 
indicate that the optimal raw protein content required in the 
first two months of culture is between 28 to 30 % protein; and 
the best protein digestion in juvenile fish is achieved when the 
food contains from 18 to 22% protein . Performance data of 
gamitana in extensive and semi- intensive monoculture and 
polyculture systems, as well as intensive net cage culture, are 
available from all 5 countries where they are raised . In general, 
gamitana require approximately 12 months to reach marketable size 
( O • 8 -l. 2 Kg) . 
Pond monoculture has been successfully practiced in Brazil, 
Venezuela , Colombia, Panama and Peru. The reported stocking 
density ranged from 1,180 to 10,000 fishes per hectare (ha). The 
.maximum production reported was 10,931 Kgjhajyr. Good average 
results have been obtained at stocking densities of 5,000 and 
10,000 fishjha. Production has rangd from 1 . 7 to 10.9 metric 
tonsjhajyr , and the growth rate has varie d between 1.5 a nd 4.0 
gjday. Prochilodus cearaensis and tilapia hybrids were conducted 
in Brazil a nd Peru . At a combined stocking density of 10,000 
fishjha, a maximum production up to 11,682 kg / hajyr was achieved 
and the growth of individual gamitanas was no less than when 
raised in monoculture. 
Gamitana exhibit excellent characteristics for development as 
an aquaculture species. The high flesh quality assures continued 
market demand at a profitable price. However, considerably more 
research is needed, particularly in the areas of reproduction and 
nutrition, to develop gamitana aquaculture i nto a significant 
industry in Latin America. 
.. 
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INTRODUCTION 
Fishes of the genus Colossoma are recognized throughout Latín 
America as having good characteristics for aquaculture. In the 
Regional Meeting of Consultants for planning of aquaculture in 
Latin ~ merica(Caracas 1975), cited by the United Nations Food and 
Agricultural Organization (FAO) (1977), the Regional Center for 
Aquaculture in Latín America (CERLA) was ur.ged to consider this 
fish in its new plan of research and experimental development. 
The Fishery Group of the FAO for Latin America ( COPESCAL.) 
recommended that its member countries prepare symposia about the 
biological cyc~es and management of these fish. As a result of 
the last three symposia of the Latin America Association for 
Aquaculture{ALA), Latín American aquaculturists were exposed to 
many papers on the biology and culture of Colossoma (Martinez 
1984). 
The taxonomy of Colossoma is confused. They are called 
"tambaqui" in Brazil, "cachama 11 or 11 morocoto 11 in Venezuela, 
"gamitana" in Peru, and 11 cachama negra" in Colombia. The 
scientific names have been misused iri numerous papers. Three 
different species are being cultured in Latin America ~ Colossoma 
macropomum, Piaractus brachypomus (the same as Colossoma bidens 
and Piaractus brachypomus) and Colossoma mitrei (the same as 
Colossoma eduris). 
The potential for culturing Colossoma, which is endemic to the 
Amazon basin (Orinoco, Ucayali, Marañón and Parana in Paraguay), 
was first recognized by Dr. Rodolpho Von lhering (1934) cited. by 
Fontanele (1977). 
However, it was not until 1966 that the first 24 fingerlings were 
transported from Iquitos, Peru, to the aquaculture 
cehter"Valdemar C.Franca 11 in Northeast Brazil (Hernandez 1991). 
Colossoma macropomum is the second largest scaled fish after 
Arapaima gigas (Osteoglossidae) in the Amazon Basin reaching 
weights of 30 Kg in the natural environment (Goulding 1982). The 
fish has a number of characteristics that make it suitable for 
aquaculture (Ulrich Saint-Paul 1986 a, b; campos 1986): 
it is resistent to handling and poor water quality, 
it grows faster than many other fish used in 
aquaculture in the region, 
it can be reared in high deensity, 
it has good market acceptability, 
it attains a high price, 
it is a native fish, and 
it can be used as an ornamental fish . 
Wild Colossoma were exported from Peru as an ornamental fish, 
but after 1984 its export was prohibited because of its food fish 
status. However, i t can be exported i f i ts or ig in is from 
aquaculture operations {Campos and Tello 1989) . 
Countries working with Colossoma sp. include Brazil, Colombia , 
Panama, Peru, Costa Rica, Venezuela, and Cuba (Figure 1) . Until 
recently there have been many problems in relation to larval 
production and nutrition. These problems have been exacerbated 
because much of the informatíon about its culture is dispersed 
and in many cases has not been published. Brazil is the first 
country that has commmercially cultured this fish (Da Silva et 
al . 1976). Da Silva {1981) succeeded in inducing repróduction of 
gamitana using hypophyses of Prochilodus cearaensis . Production 
of 2,497 Kgfha in 405 days with food conversion indices of 3:1 
were obtained. Martinez (1984) obtained annual production levels 
of 6,683 and 9,941 kgfha. Piheiro (1989) demonstrated that 
Colossoma can be induced to reproduce twice in the same year . In 
INDERENA (Instituto Nacional De Desarrollo Repelan-Colombia), 
gamitana fed with chicken food grew 2. 3 gjday and the food 
conversion was 1.45 (Martinez 1984) . 
Gami tana from Venezuela was introduced to Panama in 1980. 
There, Pretto {1989) obtained repr0duction and produced 20 , 000 
fingerlings. These fish were sent to other countries : Costa Rica, 
Honduras , Guatemala, Dominican Republic~ Cuba, Jamaica and 
Mexico. In 1982, Cuba introduoed 70 fingerlings of gamitana from 
Iquitos , Peru . 
In Peru there are three institutions that are working with 
Colossoma :FAO-IIAP (Instituto de Investigaciones de la Amazonia 
Peruana) , Ministerio de Pesquería (Peruv i a n Government), and UNAP 
(Universidad Na cional de la Amazonia Peruana) . I n the past 10 
' < 
years they have produced thousands of fry and have developed 
various aquacultural techniques for this fish. ~ macropomum is 
considered the best fish for aquaculture in the tropical part of 
Peru, and one of the three most important aquaculture in the 
tropical part of Peru, and one of the theree most importa nt 
aquacultural species in other Lat i n American countries. The other 
species are - Piaractus brachypomus and -oreochromis niloticus 
(tilapia) . Although good production of gamitana fingerlings was 
obtained in 1987 through 1990, during the last few ye~rs, poor 
management of broodstocks has resulted in limited reproduction. 
Very few researchers have access to the advances in culture of 
this fish because of the _slow process of publication, and the 
diffiL;ult systems of communication in these countries. 'l"here are 
hundreds of papers scattered througout the region that require 
scientific analysis to establish a successful cultural program. 
Approximately 54 % of the papers are in Portuguese, 40% in ·spanish 
and very few in English. In addition, there is considerable 
information that bas not been processed, but which represents 
important findings. 
There exists strong in~erest among international organizations 
such as FAO and the International Center of Investigations for 
Development (CIID- Canada) for the aquacultural development of 
this fish. The Regional Network of Aquaculture, financed by the 
\ -
CIID-Canada has formed groups of Latin American researchers to 
work with this fish. These grouos are represented by scientists 
from Brazil, Colombia, Panama, Peru, and Venezuela. FAO is active 
in fisheries projects in Latin America and serves as the 
Coordinator Insti tution for IIAP. Luis campos was elected in 
January, 1993, as Adviser of the IIAP in the area of aquaculture. 
The specific objectives of this thesis are as follows: 
l.to critically review the taxonomic publications on Colossoma 
macropomum . 
2. to critically review publications and reports on Q.macropomum 
fry production and culture systems used in Latin America . 
3. to analyze original information obtained from experiments 
conducted by this investigator or others in Peru , and 
4. to suggest procedures to improve culture of ~ macropomum. 
3-
MATERIAL AND METHODS 
Taxonomy 
This objective was met using material brougt from Peru and 
material available in the Southern Illinois University at 
Carbondale (SIUC) Library and Department of Zoology. 
Analysis of general aguacu l ture information 
Papers from different countries regarding the culture of 
gamitana in relation to fingerling production and aquacultural 
techniques were analyzed and discussed. 
Evaluation of experimental cu l ture of gamitana 
Important information about the use of prepared diets for 
gamitana has been developed in Iquitos, Peru, directly by the 
author of this thesis or under his direction. These studies are 
as follows : 
Culture of Gamitana using · three different diets in concrete 
ponds. The objective of ·this experiment was to test the 
effectiveness of Kudzu (Pueraria Phaseoloides, Leguminosae) and 
cetico (Cecropia sp. Moraceae) as protein components in the 
diet of gamitana. 
The experiment was conducted in 6 concrete tanks 
with a density of one fish/m2 using 10 fish per .treatment with 
a mean initial weight of 3.5 g. The duration of the experiment 
was 10 months. Three different diets · wi th varying protein 
components were examined (30% kudzu meal in diet I, 30% cetico 
meal in diet II and 30% fish .meal in diet III). Energetic 
components such as corn meal (30%), rice mill residue (30%), 
and manioc flour (10%) were also included in each experimental 
diet. The resulting data were analyzed using analysis of 
variance (Tukey's to evaluate and compare the effects of the 
diets on weight gain, and linear regression for weight-lenght 
relationship. All differences were evaluated at the o. 05 
significance level (SAS computer program) . 
Culture of gamitana with Tilapia nilotica 
Rearing system: Two earthen ponds of 140 m2 
Duration 5 month 
Number 70 gamitana and 140 Tilapia 
Diet 40% rice bran,40% corn meal and 20% manioc meal. 
This experiment was used to compare the growth of the 
gamitana in polyculture. 
Culture of gamitana with Prochilodus nigricans 
(boguichico) . 
Rearing system : Two earthen ponds of 140 m2 
Duration : 5 months 
Number : 70 gamitana and 140 boquichico 
Diet 40% rice bran, 40 % corn meal· and 20% manioc meal 
This experiment was used to compare the growth of the gamitana 
in polyculture. 
Culture of gamitana with ·three different diets in earthen 
ponds. 
This experiment belongs to Universidad National de la Amazonia 
Peruana and I had the authorization to process and analyze 
. these data. 
Number of ponds: 6-100 m2 
Diets : 
Diet I : 
Diet II: 
Diet III : 
Three diets with the following composition: 
19% fish meal, 36% corn meal , 35% rice bran, and 
10% manioc. 
100% rice bran 
100% corn meal 
Duration: 6 months with sampling every 15 days. 
Statistical Analysis: 
Analysis of variance (ANOVA) was used to determine how each 
diet influences gamitana growth . 
5-
Intensive culture of gamita na 
Rearing system :1- 1,440 m2 pond 
Density: 0.8 fishjm 2 
Duration: 10 months 
Diet 
Blood meal 15.0% 
Fish meal 15.0% 
Rice bran 35.0% 
Wheat bran 29.9% 
Vit+ Ash 0.1 % 
Intensive culture of gamitana 
Rearing system :1- 2 , 340 m2 pond 
Density: 1.2 fi s hjm 2 
Duration: 10 months · 
Diet : Same as previous experiment. 
Intensive culture of hybr i d female gamitana X malé paco 
Rearing system :1- 3 , 200 m2 pond 
Density: 1 fi?h/m 2 
Duration: 10 months 
Diet : Same as previous experiment. 
Other analyses of the experiments : initial density,·mortality 
rates, ave rage weights, growth rates, final weights, daily 
growth, final production, food conversion rate, and overall 
effects of the different diets . 
6-
Fingerling production and aguacultural technigues 
Different tables were used to compare the techniques used by the 
researchers of the five countries (Brazil, Colombia, Panama, 
Peru, and Venezuela; Figure 1) in relation to fingerling 
production, nutrition, larval culture, and aquacultural sy.stems 
with gamitana. 
7-
RESULTS 
A. Taxonomy. 
Three species of the family Characidae are used in aquaculture 
in Latin America; they are Colossoma macropomum (Cuvier 1818), 
Piaractus brachypomus (Cuvie r 1818) and Colossoma mitrei (Berg 
1895) . 
Colossoma macropomum is a characid native to the Amazon and 
orinoco River basins in South America. Q.macropomum is commonly 
called "tambaqui" in Brazil, "cachama negra" in Colombia, 
"cachama" in Venezuela, and "gamitana" in Peru. Piaractus 
brachypomus has the common name of "pirapi tinga" in Braz il, 
"cachama blanca 11 in Colombia, and 11 paco" in a number of South 
American countries. Fingerlings of these two species . are often 
confused b~t identification i s simple after 6 months of age. ~ 
macropomum has a long adipose f in containing small fin rays. This 
fish is colored grayjbronze or black dorsálly fading to whíte 
ventrally. A patch of black is often found in the area of the 
anal and cauda l fin. ~· brachypomus has a fleshy adipose fin a nd 
is silver dorsally with orange laterally and ventrally. 
Morphological and ecological information are the bas is for the 
description of the species of Colossoma and Piaractus of 
Venezuela, and the recognition of Colossoma oculus (Cope 1871) 
and Colossoma nigripinnis (Cope 1878) as the juvenile of 
Colossoma macropomum (Cuvier 1818) and Colossoma bidens (Agassíz 
1829) as the juvenile of Piaractus brachypomus (Cuvier 1818) by 
Machado (1982). He affirms that this confusion is not only found 
among fisherman. Norman (1929) cited by Machado (1982), for 
example, recognized six species: Colossoma b idens, .Q. brachypomus 
(Cuvier 1818), ~ mitrei (Berg 1895), ~ Macropomum, ~ 
nigripinnis and ~ oculus. Ta~onomic problems originated from 
the use of a few speciés, or the use juvenil e forros (e. 
nigripinnis and ~ oculus) separated from the adult (~ 
macropomum) ~· brachypomus at 20-40 mm total length (TL) has many 
pink oval patches in the ventral region before the pe lvic fins 
(Figure 2). The head is pinkjsilver, the belly is silver, the 
dorsal fin lacks color, and the caudal fi n is pink. At 50-100 mm 
TL it has dark spots dorsoventrally , the anterior v entral region 
is red, as are the pectoral and pelvic fins. These 
characteristics were used to describe Colossoma bidens which is 
in fact the juvenile of E· brachypomus. At standard lengths (SL) 
greater than 20 cm the color of ~ macropomum reachs 20-30 mm SL 
(Figure 3) , it has an ocellus in the middle part of the body 
under the dorsal fin. The dorsal, adipose, pectoral and pelvic 
fins lack ~olor, the anal fin is pink with black borders. When 
it reachs 30-60 mm SL the body becomes darker in the posterior 
region, the ocellus is maintained and the mandible becomes 
darker. Q. macropomum at this stage are often identified as ~ 
oculus. Then at 60-90 mm SL the ocelli disappear, and it is often 
identified as Q . nigripinnis a juvenile of ~ macropomum (Fig. 4) . 
The following chart summarizes the main differences between the 
three species : 
Synomyms 
Corrmon name 
Gill rakers Cfirst arch) 
Lateral line scales 
Scales above lateral line 
Scales below lateral line 
Adipose fin with rays 
Pyloric cecae 
Maximum length (cm) 
Maximum weight (kg) 
Swin bladder: 
anterior chamber 
h macropomum 
h nigripinnis 
Tambaqui (Brazi l ) 
Gamitana (Peru) 
Cachama (Venezuela) 
Black Cachama ~Col.) 
84-107 
78-84 
23-27 
20-22 
present 
30-75 
90 
30 
Longer than posterior 
chamber 
f.:. brachypomus 
h brachypomus 
h bidens 
Pirapitinga (Brazil) 
Paco (Peru) Moroc~to (Venezuela) 
White Cachama (Colombia) 
33-37 
88-89 
37-42 
27-34 
absent 
20-25 
80 
20 
Smaller than posterior 
chamber 
References: Barbosa (1986), Britski (1991) and Machado (1982). 
Note: In this thesis the corrmon names gamitana, pacco and pacu will be used. 
c. edul is 
P. mesopotamicus 
Pacu (Brazil) 
Caranha (Brazil) 
20-38 . 
108-128 
50-60 
49-56 
absent 
20-28 
550 
10-12 
Sma ll er than 
posterior 
The number of gill rakers in ~ brachypomus is almost constant , 
however, in~ macropomum they increase ontogenetically (i . e, it 
has 20 at 19 mm SL and 93 at 150 mm SL). ~ macropomum is the 
only species that has ossified rays in the adipose fin; these 
rays are more numerous and harder when the fish is older. In 
gamitana the swim bladder consist of two well- developed chambers 
connected to the esophagus. The anterior chamber is longer than 
the posterior whereas in paco the anterior chamber is smaller 
than the posterior (Machado 1982) . 
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Britski (1991) taxonomically revised Colossorna to include three 
species, two of which, ~ macropomum (Figure 5) and Piaractus 
brachypomum, occur in the Orinoco and Amazon River systems while 
the third, Colossoma mitrei, inhabits the Parana-Uruguay River 
system. 
Fossil fishes from the Miocene in La Venta fauna of the 
Magdalena River Valley, Colomb i a, were identified as ~ 
macropomum. These fossils document a long conservative history 
for a species that is highly specialized for feeding on 
streamside plants. The phylogenetically advanced position of 
Colossoma in the subfamily Serralrninae implies that six related 
genera and other higher characid taxa originated at least 15 
million years ago. Tht:: fossils sug9est a formerly diverse 
Magdalene fauna that has suffered local extinct'ion, perhaps 
associated with late Cenozoic tectonism (Lundberg et al. 1986). 
Genetic analyses has peen conduced on these species. De Almeida 
et ~ l . ( 198 6) explored the chromosomal characteristics of gami tana 
and its hyb-rid with pacu. Gamitana and pacu have the same number 
of chromosomes ( 10 metacentric pairs and 17 sub-metacentric pairs 
in males and females; 2n=54) ¡ these authors identified 5 
chromosomes with different C-banding patterns in gamitana and 
pacu nucleoii. Gamitana has these marks in chromosome pairs 3,14 
and 20, and pacu in pairs 5 and 6. When gamitana females are 
crossed wi th pacu males, the r e sul ting F1 hybrid is named 
"tambacu", which exhibits marks 3, 14, 20 and 5, 6. When males 
of pacu are crossed with females of gamitana the obtained hybrid 
is named"paqui" with the same pairs of marks from their parents. 
These marks are used to identify the haploid group from each 
species in the diploid hybrid. In the triploid hybrid a complet-e 
diploid of gamitana and a complement haploid of pacu was 
identified. De Almeida (1986) tested the genetic variation in 
plasma transferrins of gamitana and found six different 
transferrin alleles that were called e, E, F, G. H and J in arder 
of their electrophoretic mobilities; e being the fastest 
migrating bands and J the slowest. The genotypes of the tested 
gamitana showed . genetic equilibrium consistent with them, 
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representing a single stock. 
B. Biology ~ macropomum of the family Serrasalmidae commonly Known as the 
gamitana, is wide ly distributed · in South America, ranging from 
the Rio de la Plata to the Orinoco River system. This species 
inhabits the lakes bordering white water rivers. During periods 
of high water, the adults leave the lakes and enter the main 
river channels where they spawn 1 then when the water level drops, 
they return to the lakes (Ulrich Saint-Paul 1986b ; Goulding 1982; 
Lowe McConell 1975; Campos et al. 1992). Adult fish feed mainly 
on fruit and seeds while juveniles (smaller than 4 kg) feed on 
zooplankton as well (Goulding 1982; Ulrich Saint-Paul 1986 a; 
Campos 1986). Adults are exclusively frugivorus, showing a 
definite prefe rence for the fruit of Hevea brasilensis in the 
family Euphorbi~ceae (Goulding 1982). Forty-eight different 
fruits were reported as possible food in flooded water in the 
Ucayali River in Peru (Campos 1986). 
Larval gamitana can b e aged. Werder and Soares (1982) r eported 
that gamitana larvae develop sclerites ·(ciculi) following a 1 -
day rhythm (this differs from other fish of the same family that 
follów a 2 - day rhythm) . They r ~commended the following formula 
to calculate the age of gamitana fry: 
d = e- (n+ 14) 
d = day of birth (spawning and fertilization) 
e = number of days of at year at the day of capture 
n = number of circuli 
14 = day in which is formed the first circuli in the 
scale. 
The formula used for other characid s ( i. e., Proc~ i lodus) is: 
d= C -(2n+14) Ulrich Saint-Paul (1984) 
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Ulrich Saint-Paul and Soares (1987) explain that serrasalmids 
of the genus Colossoma are obligate gill-breathers that are 
encountered in the floodplain lakes of Amazonia, even when oxygen 
concentrations are below 0.5 mgjL. it was shown by experiments 
that fish of this family are able to use the oxygen-rich surface 
layer of the water for respiration, in order to survive periods 
of habitat- induced hypoxia. This so-called aquatic surface 
respiration (ASR), entails an increase in locomotor activity and 
an ecomorphosis, involving the formation of a dermal extension 
of the lowe jaw that apparently has a hydrodynamic function for 
using the surface layer. When the water is aerated, this dermal 
extension retrogresses to its original size. Histological 
examination showed that the extension is formed by edematous 
processes in the stratum spongiosum. Over an 8 -h period, the lip 
surface of the fish increased from 16.1 mm2 to 24.6 mm2 (Ulrich 
Saint-Paul and Soares 1988). Ulrich Saint Paul (1983) determined 
the influence of weight on ox~gen consumption at three different 
temperatures: 35, 30 and 25 oc. · He found that consumption 
incre.ased linearly with weight, according to the following 
equation 
Q= aWk 
where 
Q = rate of oxygen uptake =total metabolism per unit weight; 
a = coeffficient equal to the total metabolism for an animal 
per unit weight; 
W = weigh of the animal in grams; and 
k = a constant that indicates at what speed and in what 
direction the metabolic rate changes as weight increases. 
Using this formula Ulrich Saint-Paul (1983) found the following 
relation : at 25 oc, 100 g of gamitana has a oxygén consumption 
rate of 19.·15 (± 9.94) mgjh; at 30°C arate of 28.97 (± 3.55) and 
at 35 oc it lowers toa rate of 21.24 (± 2.18) mgjh. He concluded 
that gamitana oxygen consumption increases with increasing 
weight, and that the slopes of o. 64 and o. 78 found in this 
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experiment indicate that the oxygen consumption rate of smaller 
fish is greater than that of larger ones. He explained that the 
routine oxygen consumption r ate of gami tana shows a distinct 
response to temperature changes with the highest rate occurring 
at about 30 oc, while above this temperature, the rate decreases. 
He assumed that the decrease in rnetabolic rate at a ternperature 
above the aproximately annual mean in this neotropical region 
reflects an adaptation ·of º-· macropomum to constant climate 
conditions. Furthermore, it is possible that this is also an 
adaptation to the lower oxygen concentration in water at elevated 
temperature. 
Ulrich Saint-Paul and Soares (1988) reported that because of 
the need for surface access for ASR, fish density increases were 
demostrated for the open water of a floodplain lake during severe 
hypoxia (0.5 mgjL). Normally, tropical fish migrate from the zone 
of macrophyte cover to open water , but gamitana do not follow 
this pattern . During long periods of oxygen depletion, they 
return to the region of m.acrophytic cover and survive there 
without displaying the usual kind of ASR . Mortality studies in 
net cages exposed in natural water bodies confirmed that this fi~h is able to survive severe hypoxia beneath macrophyte cover 
(Ulrich Saint-Paul et al. 1989). They found no extraordinary or 
ordinary capabilities for anaerobic metabolism, but gamitana 
hemoglobin . has a great affinity for oxygen. They found that 
Eichhornia crassipes discharge 2 to 3 ug 02/dry weight/h/L from 
its roots w~ich apparently rnust be adequate to meet the aerobic 
energy requirement of this fish. They reported that frecuency of 
opercular movements in gami tana change from 3 5 movements per 
minute when the oxigen concentration is 8 mgjL to 80 when it is 
1 mgjL .At oxygen concentrations below 1 mg/L the opercular 
movement is lower than 35. 
Food habitat studies of gamitana in the natural environment 
have been conducted by Ulrich Saint-Paul (1984, 1985), Goulding 
(1982,1988), and Campos (1986). These authors found that the 
proportion of items in each category is very different from 
season to season. The proportion of zooplankton is always very 
high regardless .of the main food itero for the season. Exceptions 
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were found only during the months of March 1 July 1 and November 
when the highest proportion of food iterns were wi~d rice (Oryza 
perenn i s) 1 fruits and seeds. In relation to the cornposition of 
the zooplankton 1 Ulrich saint-Paul (1984) also found seasonal 
differences. During high water periods frorn ·April t o Septernber 1 
Cladocera (Daphnia gessneri and Daphinia cornuta ) are 
predorninant 1 contributing ·90 to 95% of the plancktons in the 
diet. During the period of low water level 1 Copepoda prirnarily 
Notodiaptomus arna zpnicus predorninate contributing frorn 52 to 58% 
of the zooplankton food items. Arnong the fruits and seeds found 
in the stomachs 1 Tabebuia barbata (Bigoniaceae) 1 cetico Cecropia 
sp. (Moraceae) 1 vervena Vitex cymosa (Verbenaceae) and Mabea sp. 
(Bornbaceae) were identified . As the third group 1 Oryza perennis 1 
was especially important in the diet during high water periods. 
Gbulding and Leal (1982) found juvenile garnitana to a rnaximum 
weight of 5 Kg as being omnivorous . . The dietary basic are the 
fruits and seeds frorn the f looded forest and the zooplankton from 
the lakes. Ulrich Saint-Paul ( 1985 ) stated that the annual 
fluctuat i on in the water level of the Amazon River system 
significaritly changes the living conditions for juvenile 
gamitana. He adds that due to a greatly reduced food supply 
during the low- water period 1 the fish rnust metabolize their 
reserved tissues which reduces the glycogen- sornatic index and 
t h e protein content of the fi let. No change in the visceral fat 
content was found 1 howe ver 1 with rising water an increase of 
glycogen content was detected . 
The protein content of the filets declined 16% in 6 months. 
Ulrich Saint-Paul (1985) also reported temporary fat storage 1 an 
adaptation by the fish to water lev el fluctuation and related 
environmental change s of the Amazon River. 
An obvious rnorphological adaptation enabling frugivorous 
feeding is the dentition of gamitana . This fish has large and 
powerful teeth which permit it to eat many seeds. These "teeth" 
are heterodont 1 the med i al ones being multicuspid molars 1 while 
those more laterally placed are premolars (Goulding 1982). 
Elongated gill raker spines are densely clustered on the gill 
arches 1 a condition characteristic of planktivorous fishes. The 
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stomach of this fish is well developed , with adjacent pyloric 
cecae rangi ng in number from 3 o to 7 5 a n d the length of i t s 
intestine being 2 to 2.5 times the body length (Ulrich Saint-Paul 
1985). campos (1985) reporting on 16-18 Kg gamitana, found that 
the ratio of length of intestinejlength of t he stomach is 5 . 44 
which is between those o~ Prochilodus n igricans (13.66) that is 
detritivorus, and Plagioscit:lm sguamosisimus (2 . 44) , which is 
carnivorous. 
The spawning period in the natural e nvir onment lasts from 
October until December in Central Amazonia (Ulrich Saint-Paul 
1986a); November and December in Peru, and in June i n Venezuel a . 
Gamitana spawn once a year in responce to rising water levels 
during the rainy season , when they migr a te to spawning areas of 
the ~ain stem rivers . Fema l es release their .eggs int o the current 
where ·surrounding males fertilize t h em. The semi-buoyant eggs are 
carried by the currente until hatching in aproximately 1 7- 20 h 
at temper atures at about 28°C. 
C. Fingerling production 
l. Broodstock spawning peiiod 
The spawning period corresponds to the rainyseason (Tab¡e 1) , 
October to March in northeast Brazil. The gamitana spawning 
per iod ch anges with environmental condition s . For example, in 
Gualaca (Panama), gamitanas originating the spawning per iod 
occurs December and January, reproduce in June- August . Gamitana 
become sexually mature in apparent response to rain water. 
In climates where the rainy season is not well defined 
(Vene zuela) or is irregular , transferring broodstock to recently 
filled ponds nea r :the spawning season has stimulated sexua l 
maturqtion (Bello et al. 1 989) . I n Betune (Brazil), Where annual 
temperatures remain over 26°C, gamitana have been observed to 
reproduce during all months of the year. 
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2. Origin 
The available hatchery broodstock generaly are taken frorn the 
natural environment 1 although sorne have been produced in 
aquacul ture stations (Table 2) . Gami tana are na ti ve to the 
Orinoco and Amazon Rivers. 
The fish are captured as fry 1 fingerling 1 juvenile or adults and 
then are stocked in cul tured ponds and prepared as fu tu:¡;:-e 
broodstock. The other groups are those produced in aquaculture 
stations such as in DNOCS (Brazil) 1 Repelen (Colombia) 1 Divisa( 
Panama) in Iquitos (Peru) . 
3. Selection 
The selection of broodstock is made based on external 
characteristics during the spawning season . Only in Brazil and 
in Panama do culturists select broodstock based on individual 
performance (growth rate 1 quantily and quality of semen, 
fertilization rate 1 fry production 1 etc). 
4. Preparation and management of ponds 
Culturists use the same methods of pond preparation in all 5 
countries where gami tana are raised. The ponds are drained , 
cleaned and exposed to the sun for two days. The ponds are then 
disinfected using 25- 80 gjrn2 of cao (calcium oxide) and 
fertilized with chicken manure (100-200 gjrn2) andjor inorganic 
fertilizer ( 15 g jm2 of urea) in order to stimulate plakton 
production, particulary zooplanckton. The combination of gami tana 
culture with swine production is being developed in Brazil ( 1 
pig/100- 500 m2 of water) . 
5 . Stocking Density 
In most hatcheries culturists are using a stocking density of 
200-400 g fishjrn2 in monoculture systems(Table 3) . However, in 
sorne stations this rate is r educed to 90 gjm2 (I quitos) 1 66 gjm2 
(southern Brazil) or 50 gjm2 (northeastern Brazil). In Venezuela 
the stocking density is 700 g/m2 . 
In southeastern Brazil, gamitana broodstock are reared in 
polyculture , where they represent 50-79% of total biomass . The 
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secondary species are Prochilodus cearensis, 
nobilis, and Cyprinus carpio. 
6. Water guality 
Aristichthys 
The water characteristics which have been reported in the five 
countries as being highly suitable for gamitana are pH of 6-7, 
oxygen concentration at 5-8 mg/L, and hardness over 30 mgjL. ·In 
INPA (Colombia) the inflow of water ~sed in gamitana broodstock 
rearing ponds is 24 Ljsecjha. In Panama the water replacement for 
broodstock ponds is 10-20% of their volume per day. In Tarapoto 
(Peru) the inflow used is 10 Ljsecjha. In sorne hatcheries, new 
water is only provided to recover the loss from evaporation and 
seepage. One important criterion used in Iquitos, Peru, is the 
maintainance of the transparence between 18 and 30 cm. If the 
transparence is lower than 18 cm it is neccesary to increase the 
flow of water, but if the transparence is higher than 30 cam 
additional fertilizer is applied. Ponds are considered to have 
good productivity when 100 L of water filtered through a 150-um 
mesh net yiélds 2-3 of _zooplankton. 
7. Food 
Because of differences in available food in the various 
countries where gamitana are raised there exists a wide range of 
ingredients used in feeding brodstock . The most frequently used 
ingredients in prepared diets are fish ~eal, soybean mela, blood 
meal, rice bran, sorghum, and corn. The protein range of these d . i~ts is between 18 to 39% and the supplied rattion ranges from 
1 to 5% of the wet body weight of fish (Table 4). 
A diet with 28% protein, made with fish meal (10%) 4 soybean 
meal (40%) wheat meal (25%) and corn meal (25%) has been 
succesfully used with gamitana in Venezuela (Alves 1991). In 
Iquitos (Peru) a diet with soybean meal (20%), corn (20%), fish 
meal (15%), rice bran (20%), wheat bran (15%}, manioc meal (8%), 
salt (1%), and vitamin and minerals (Premix; 1%) has been used 
by culturist for three years with good success. The ration used 
in this counttry is 3% of brood gamitana wet body weight per day. 
However, in southeast Brazil, the ration is variable in relation 
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to the seasons of the year. In ttthe warmer season (January to 
March) it is 5% of body weight, while in winter (March-September) 
it is reduced to 1.5% of body weight . In spring (Septembber to 
December) the ration is raised to 3% 
In southern Brazil the brood gamitana are fed with a diet 
containing 25% protein, and the supplied ration is 5% from 
January to Marchs (after spawning), then iit is reduced to 1.5% 
from March ' to September (colder season) and finally from 
September to Decembber the ration is increased to 3%. 
D. Induction of r eproduction 
1. Age of broodstock 
Males and females of gamitana reach sexual maturity in 3 and 4 
years , respectively (Table 5.0), .when they have atta ined 3-6 kg 
of total weight. In sorne statitons i n Brazil they have been using 
the same spawners for over 12 years . In Iquitttos (Peru) the 
spawners have beeri used for 4 years. The bbest spawners reported 
by researchers are those with ages between 4 to 7 years, with a 
total weight between 3-7 kg. 2~ Characteristics of sexual maturity 
No method is known tot externally differentiate the sexes 
outside the spawning season. Bulky and soft abdomens , as well as 
swollen , protruding and reddish genital papillae are the main 
criteria used in all five countries to select mature females for 
spawning . Males selection , is based on semen ejaculation of white 
color, which should be dense and abundant as pressure is applied 
to the abdomen. 
Pretto (1980, 1989) stated that in Panama, · researchers use 
biopsy of gamitana ovaries to stage eggs . Eggs are placed in a 
solution of 5 ml acetic acid, 30 ml formaldehyde and 60 ml ethyl 
alcohol (95%) . After 3 minutes they observe the position of the 
seminal vesicle with mature females having a peripheric seminal 
vesicle . Ho~ever, Brazilian ~esea rchers feel that this method is 
of little practical value since gamitana eggs require hormonal 
injection in arder to start the vessicle migration. 
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3. Dose applicattions: males and females 
The hormonal injection in gamitana is intramuscular, in the 
dorsal region under the dorsal fin , or intraperitoneal , in the 
bbase of the pel vic fin. The induction is stimulated wi th natural 
and synthettic hormones (Tables 6, 7, and 8). 
In Brazil, Peru, Venezuela and Colombia, culturists use extracts 
of heteroplastic hyphophysis, especially common carp hyphophyses. 
In sorne hatcheries in Colombia (i.e., Los Llanos) tthe use of 
hornoplastic hormones collected from wild ~ macropomum is common. 
In Panama, the use of LHRHa and in Peru of GnRH (gonadotrophin 
releasing hormones) and their hornologs or analogs, are frequently 
used. Less frequently, heteroplastic hormones from native species 
such as Prochilodus cearensis, witch is most commonly used in 
Goias, Mato Crosso and southeastern Brazi or Arapaima gigas 
hypophysis whicch ~a s once used in Iquitos, Peru. Anotther less 
commonly used hormone is human chorionic gonadotropin (HCG) . In 
northern Brazil the broodstock receive intramusccular _injections 
of a saline - solution containing ground pituitary glands taken 
from ripe Prochilodus cearensis. Gamitana are injected at 6-h 
intervals with solutions containiing increaslng amounts of 
pituitary material. 
Spawning normally occurs after tthe fourth or fiftth injection. 
Through practical experience a system has evolved using a certain 
numbber of pituitaries per kilogram of bbroodfish . However, 
adjustments in pituitary number are rnade to account for sexual 
stage of spawners. Males are given a tota l of about 3 pituita~iesjkg of body weitht because of difficulty in obtaining 
sufficientt milt . The dosage corresponds to approximately 5.5 mg 
and 2. 5 mg of dr ied pi tui tary per kg of ferna le and male, 
respectively . 
The males of gamittana are induced with lower doses (30-5 0%) 
than females. However in sorne hatcheries in Colombia, culturists 
use only the stimulus from tthe female in a tank to induce the 
production of spermatozoa. The males frequently receive only one 
dose at tthe same time that the females receive their last dose. 
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In Venezuela, Bermudez et al. (1979) successfully spawned 
gamitana in which males and females were of similar size. Females 
weighed an average of 15 kg to 18 kg, and received a total of 
3.75 gamitana pituitaries each, divided into doses of increasing 
strength at o, 24, 48, and 64h. Males averaged 15 kg and each 
received 0.6 pituitary, in two doses of increasing strength at 
54 and 60 h. Eggs placed in incubators hatched in 21 h at 26.7 
oc. 
Hilder and Bortone (1977) in Venezuela described a technique to 
spawn gamitana not in sexual readiness. Fish were injected with 
préserved pituitaries collected from common carp. Both sexes were 
injected at o, 24, 48, 72, 96, and 124 h. Females between 20 and 
30 kg received a total of 120 mg of carp pituitary divided into 
5 initial doses of 6 mg each, and t wo final injections of 30 and 
60 mg. Males averaging the s ame weight, received a total of 75 
mg of carp pituitary divided in 5 injections of 6 mg each and two 
final injections of 15 and 30 mg. Eggs hatched in 22 to 23 h at 
a water temperature of 26- 27 . oc. Newly hatched fry averaged 3 .8 
mm in length. It was estimated that females weighing 10 to 15 kg 
could produce more than 1 millon eggs . 
Bernardino and Aparecido (1986) use~ intraperitoneal injection 
of LHRHa in two gamitana females weighing 8,550 and 10,450 g. 
Both were injected with a total dose of 10 ugjkg of body weight 
of D-ALA G, des Gly 10- LR-RH(1-9) ethilamine , in two doses (1 
ugjkg and 9 ugjkg) in 12 hour intervals; both females spawned in 
6. 5 h (177. 5 degree-hours) and 8. 5 h (229. 5 degree-hours), 
respectively, after the last dose. These gamitana produced 108.7 
and 87.0 g eggjkg, respectively. Bernardino et al. (1986) 
performed another and 6.547 (± 527 g), respectively. Only one 
dose of LHRHa (5 ugjkg females and 2.5 ugjkg male) was used. The 
gamitana spawned at:ter 12 (300 degree-hours) and 14 h (360 
degree-hours), respectively. 
Gonzales (1987), performed an "in vitro" experiment to compare 
the effect of gamitana hypophysis extract, carp hypophysis 
extract and HCG on gonadal tissue of Oreaochromis mossambica. The 
level of stimulation of gamitana hypophysis was measured 
analyzing the concentration of AMP-Cyclin produced by he gonadal 
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tissue. The response to tthe stimulation wa s highest (164.18%) 
wi th gami tana hyphophysis collectted in March. but then i t 
declined with those ccollected in April . . This result was 
coiincident with the highest gonadosomatic índices found in tthis 
periiod in gamitanas collected in March, but then it declined 
with tthose collectted in April. This result was coincident with 
the highesttt gonadosornattic índices found in this period in 
gamitanas collected from the river. The stirnulus with carp 
hypophysis was 180.~0%. The assay witth HCG showed that 5 ug 
doses produced the highest activity (146.6%) in the same tilapia 
gond; lower or higher concentrations of HCG reduced the level of 
activity. Gonzales (1987) reported frorn additional experirnents 
that the most effective treatrnents were as follows: a)injection 
of garnitana hypophysis extract (5 mgjkg body weightt) col lected 
i"n March, follówed by LHRHa {50 ugjkg) with 12-h intervals (this 
experimentt resulted in 60% of gamitana fernales spawning); b) the 
inj ection of 5 mg/kg gamitaria hypophysis extract (GHE) in two dos~s (25% and 75%) with 12-h intervals that resulted in 40% 
spawning efficiency; and e) the use of Pimozide (5 mgjkg) in a 
first injecttion followed by a injection of 50 ugjkg LHRHa (this 
treament reduced the duration of .the preces and reduced gamitana 
rnanipulation time) . 
4 . Spawning time, ternperature and water guality 
In al~ five countries the females .and males of garnitana are 
stripped using the dry rnethod. Sorne technicians use anaesthetics 
(5-15 ppm Quiinaldine or 100-150 ppm 2 phenol-ethaanol or.lOO ppm 
MS-222) to manipulate the spawners . A solution of physiological 
serum or 1. 4% urea is used to increase the viabbili ty and 
rnotilitty of the spermatozoa. 
Due to the diversity of microclimate in these countries, the 
duration and time of gamitana reproduction is different. For 
example, in Betume (Brazil), gamitana reproduce throughout the 
year, as opposed tto Gualaca and Divisa (Panama) where the fish 
can only reproduce between June and August. In places where out-
of-season spawning has been induced, it has been attributed to 
food minipulation, use of broodstock born in captivity, and 
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domestication. Nunez da Silva and Pessoa (1989) working with 120 
gamitana from November 1985 to February 1987 (Table 9) , stocked 
three different groups; the first group were tthose with high 
maturity and almost . ready to spawn, while the second and third 
groups displayed fewer external characteristics of sexual 
development. 
The first group was cultured in association with Peking ducks 
(400 ducksjha), and the otther two weré associated with swine 
production ( 8 o pigsjha) . The three ggroups were fed the same food 
(pellets containing 35% protein). They reportted that using the 
hyphophysattion method (common carp hyphophysis), gamitana fry 
can be produced throughout the year. With the first group they 
produced fry in November, December, January, February, March, 
April, May and June. With this group they also reproduc~d 10 
gamitana two times in one year. With the second group they had gami~ana rep~oducing in July and August, and finally with the 
third group in August, Septtember, October, November and 
December. These same researchers, from Marchs 1987 to May 1988, 
injected 34 females and 31 males with LHRHá (3 - 5 ugjkg body 
weight). They spawned 91.2% of the females and produced an average 
of 123 g eggsjkg female with 36.3% fry survival (Table 10). In 
comparison, injection of carp hyphophysis yielded 76.8% spawning, 
66 g eggjkg female and 41.7% surviving fry. 
However, the fertilization rates (Table 11) were better with use 
of carp yphophysis (63.9%) than with use of LHRHa (52.4%). The 
gamitana injected with ccarp hyphophysis spawned in 260-280 
degree-hours, while tho~e injected with LHRHa spawned in 380-390 
degree-hours. Two fish in the latter group spawned in 574 degree-
hours. 
Alcantara (1985) reports that the formula that expresses the 
realtionship between temperature and spawning time in female 
gamitana is .: 
Degree-Hours = 1635.91- 43 . 33 (Number °C) (r = -0 .99) 
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5. Extrusion and fertilization of eggs 
The response time to induce sp~wning differs from on station to 
another. The time most frequently reported ranges between 200-300 
degree-hours following the last hormonal dose. 
Gamitana do not spawn naturally in tanks after pituitary 
injection. Sexual ~roducts are stripped from both sexes, mixed 
ttogether in a container, and cleaned with water before 
transferring the eggs to incubators. The formula that expresses 
the relationship between number of eggs and wet weight of 
gamitana is : 
Number of . eggs = 167 . 899 + 33,818(wet weight fish in kg) 
(r=0.76%) 
(Alcantara and Guerra 1992). 
6. Used of preserved gametes. 
In Lorica (Colombia) a 25% fertilization rate and production of 
3, 500 fry of gamitana was reported using stored sperm previously f~ozen in liq~id nitrogen (-80 °C) for l week (Hernandez 1991). 
7. Hybr i d produGtion · 
The foll0wing hybrids have been reported with gamitana in Latín 
América 
Comrnon name Female 
Paqui Pacu 
Tamba e u Gamitana 
Gamipaco Gamitana 
Pacucu Pacu 
Pacogama Paco 
Gamipacu Gamitana 
Cachameta Gamitana 
E . Incubation 
M ale 
Gamitana 
Pacu 
Paco 
Tambacu 
Gamitan a 
Pacu 
Mylossoma duriventris 
Reference or Country 
De Almeida et al. (1991) 
Bernardino et . al. (1986) 
Alcantara and Guerra (1992) 
Iquitos (Peru) 
Bemardino et al. (1986) 
Fonseca(1991) 
Bello et al . (1989) 
Kossowski et ·al . (1980) 
Alvarado (1980) 
l. Incubators. Different kinds of incubators are being used in 
Latin Arnerica by variow::; reserachers, ranging from artisanal 
incuba.tors of 20-40 L which are used inside concrete tanks to 
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sophisticated incubators of fiberglass, acrylic or plastic , with 
capacity of 6 L (Mcponald type) or 60-200L (Woynarovich 
type) (Figures 6-8, the latter of which is most commonly used in 
the 5 countries (Table 11) . 
The amount of eggs placed in each incubator generally ranges 
between 500 to 3,750 eggsjL. In Venezuela, however , culturists 
generally use 5, 000 eggs/L. In soine hatcheries the · eggs are 
disinfected with· an iodine solution at 100 ppm for 5 min (ph 
=7.0) before they are transferred to the incubator . 
2 . Water flow and guality 
The location of gamitana h a tcheries occur between 10 m a bove 
sea leve~ (Repelen) , Colombia) to 1,050 m (San Carlos , Colombia) . 
The water pH ranges between 5 . 8 to 8.0, and the oxygen 
concentration between 4 and 8 mgjL. In Repelen (Colombia) 
culturists report 90 % fry surv i val when oxygen concentrations 
remain over 4 mgjL, but lower tha n 20% surviv al when oxygen 
concentrations fall below 2 mgjL. Water hard ness range s from 15 
to 200 mgjL. 
The reported optimum water t ~ mperature in the incubators is 
between 26-29 ° C. ·Temperatures over 30 oc are reported as lethal 
to gamitana eggs and larvae. Only in southeastern Brazil and in 
Gualaca, Panama have extreme temperatures as low as 24 oc and as 
high as 30 oc respectively 7 been reported . The culturists control 
this problem using heaters or chillers. 
The water inflows are between 0.5 -8.0 L/minjincubators of 60 and 
200 L of capacity, respectively. The water must be free of 
suspended part i cles and microorganisms (Tables 12) . 
3. Larval Development 
The references used to describbe development 
egg stage to post- larvae are the following: 
(1985), Bermudez (1979), and Alcantara (1985) . 
of gamitana from 
Valencia et al. 
The yellow green 
eggs of gamitana are non-adhesive, semibbuoyant, megagamete, 
almostt spherical in shape and have a diameter of 1.3 mm. After 
fertilization the hydrated eggs are reported to rang .in size from 
2.2 to 2.8 mm in diarneter. The incubation temperatures for larval 
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development were the following: 27.9 (± 0.77 °C) in Peru, 28-29.5 
°C in Venezuela and 26.5 oc in Colombia. 
Following the metthods suggested bby Rugh (1968), the time 
schedule of gamitana development is the following: 
1. Eggs become translucent, the perivitelline space widens, and 
the germinal disc becomes lens-shaped minutes after 
fertilization. The eggs are teloleci thal and di vide by 
discoidal cleavage (Browder et al. 1991). 
2·. First ·cleavage: 15 min (Alcantara 1985) after fertilization. 
At ·this stage tthe embryo has a diameter between 1 .85-2.00 
mm (Valencia et' al. 1985). The first cleavage is meridional, 
and nuclei are clearly visible. 
3 . Second · cleavage: 30 m in (Alcantara - 1985) after 
fertilization. This is also a meridional cleava~e at a right 
angle to first plane of cleavage which results in the 
formation of four equal blastomeres. 
4. Third cleavage: 70-75 ~in (Valencia et al. 1985), 70-90 min 
(Bermudez 1979). This cleavage is in a parallel plane tto 
the first cleavage. A this ttime the blastodisc appears 
rectangular in shape with no space beneath it. 
5 . Morula: 90 min (Valencia et al. 1985), 105 min (Bermudez 
1979), 120 min (Alcanta~a 1985). After the fifth cleavage 
there are numerous myomeres and it is difficult to observe 
individual cells. This is a sensitive stage of development 
during which shaking may kill the embryos (Valencia et al. 
1985). 
6. Blastula: 4 h (Alcantara 1985) 2 h and 30 min (Valencia et 
al . 1985) after fertiLization. The small cells are tightly 
packed to form a blastodisc which is slightly elevated above 
the yolk surface. At this time a sub-germinal cavity appears 
beneath the blastodisc. 
7. Gastrulation. At 3 h (Valencia et al. 1985) , 3 h and 10 min 
(Bermudez 1979) , 6-7 h (Alcanttara 1985) the germinal ring 
spreads to totally cover the yolk mass and the blastopore is 
already present. Valencia et al. (1985) observed the 
blastopore at 3 h and 45 min. 
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8. Ernbryonic differentiation 
- At 8 h rnorphological differenttiation of the head and tail 
begin and the first sornites can be observed (Alcanttara 
1985). Valencia et al. (1985) observed the first somites 
at 270 rnin, and differentíation of the optic vesicle from 
the ·auditory placoide at 335 min. Bermudez (1979) observed 
tthe f irst sorni tes, cephalic differentiation, and the 
optic capsules at 365 min. He observed the closed 
blastopóre and the embryonic fin at 575 ~in. 
- At 9 the embryo has 12 somites and ocular pigmenttation 
(Alcantara 1985). Berrnudez (1979) observed 12 somites, 
opttic capsule, otic (calcareous structure of inner ear) 
and brain tissue at ~75 min. 
However, Valencia et al. (1985) report 15 somites at 370 
min and 18 somites, and caudal fin diferentiation at 445 
min. 
- At 600 min {Alcantara 1985), 855 min (Bermudez 1979) the 
heart starts to function . Valencia et al. (1985) observed 
the first pulsation or beating heart at 500 min. They 
observed 50 pulsationjmin at 525 min when tthe embryo is 
2 mm of total length and the egg 3 . 5 mm diameter. 
Berrnudez {1979) observed 50-55 pulsations/min a t 9i5 min 
and 100-110 pulsationsjrnin att 1030 min. The embr yo also 
starts to make twitching movements at around 11 h 
(Alcantara 1985). 
- At 12 h , Alcantara (1985) observed contractions of the 
entire body, while Valencia et al. (1985) observed strong 
contraction of the body at 9.75 h. 
- At 13 h, well developed larvae are visible, with intense 
contractions of the tail inside the eggs. At this time the 
ernbryo starts to rotate inside the chorion (Alcantara 
1985) . Bermudez (1979) observed that at 19.33 h, the 
embryo strikes the membrane, the heart beatts at 1 60-170 
pulsesjmin and the egg has a diarneter of 2.5 mm. 
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4. Hatching 
Alcantara (1985) reported that the embryo hatches in 14 h at 
27.9 oc. Valencia et al. (1985) observed hatching at 12 h 30 min 
at 26.5 oc and Bermudez (1979) at 20 h and 40 min (544.6 degree 
hours) when water temperature was 26.7 oc and 19 h 20 min when 
the temperature was 28.8 oc . 
In the hatching process the larvae violently move their tails to 
break the membrane, then the tail region emerges first. 
In general, the reported hatching times range between 12 to 21 
h in the five countries. Hatching takes place in 17 to 19 h when 
temperature ranges from 27 to 29°C. In Gualaca (Panama) hatching 
time is 21 h at temperatures between 24 to 26.5 oc. Bello et al. 
(1989) reported that in Venezuela hatching takes place in 18 h 
when temperature ranged between 26 and 27°C but ' at 29°C it took 
place in 14 h. 
New1y hatched larvae average 3.8 mm (Hilder and Bortone 1977) 
and 3.6 mm TL (Bermudez 1979). At this time the larvae ascend to 
the surface. Their vertical movement is helped by the water flow 
and by caudal movements. At this stage each larvae has 30 pairs 
of somites and tne vitelline yolk is 1.3 mm. At 51 h post-hatch, 
a larvae is 5.2 mm TL with a yolk sac of 0.8 mm in diameter . . The · 
caudal fin is be.tter defined at this time, and there is a 
rudimental pectoral fin over the highest part of the yolk sac. 
Eye pigmentation is more pronounced at this time. At 72 h post-
hatching the total length of larvae is 5. 9 mm and yolk sac 
diameter is 0.3 mm. Blood-filled capillaries are visible at this 
time (Bermudez 1979). 
After the yolk sac has been entirely absorbed, Bermudez (1979) 
designates the stage as post-larval (Tables 13). At this stage 
the post-larvae has a total length of 6 . 4 mm and increased eye 
pigmentation. The swimbladder is filled and horizontal swimming 
is facilitated by the presence of pectoral and caudal fins. After 
191 h (8 days) a post-larvae has a total length of 11.8 mm, it 
has 35 pairs of somites, and the caudal fin is present. When the 
individual is 18-20 mm TL (0 . 081 g total weight; Table 14) and 
completely formed it is considered t.o be a fry. The fry have 
numerous melanophores on the side of the body, and are able to 
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accept prepared food. Fry are ready to be stocked into ponds at 
this time. 
5. Larval behavior 
Protozoans, rotifers, and small zooplankton are the f irst foods 
that the fry will accept (Table 15}. Recently hatched larvae swin 
in a vertical direction to the surface and then fall to the 
botto"m. The larvae continue this behavior for two or three days 
after hatching. They are very active with very short peiords of 
resting between movements. The larvae after 4-5 days of hatching 
have all their organs and are ready to take food from the 
environment. D~ring the first 4-5 days the larvae rely on the 
yolk sac for nourishment. During this time larvae do not have 
pigmentation so they are therefore exposed . to the ul traviolet 
rays of the sun. Gami tana larva e die rapidly when they are 
exposed to this kind of light . 
When the larvae first takes air from the surface to fill its swim 
bladder it still has 20-30% of its yolk sac: This yolk supply 
permits the larvae to survive during the difficult step as it adapt~ to feeding. The pre-larvae is considered, by culturists 
in Brazil, as being premature during the period between hatching 
and when it fills its swinbladder. After it has filled itts 
swimbladder it is called a post-larvae, and it begins to swin 
like an adult, and to eat external food. Both pre-larvae, and it 
begins to swin like an adult, and to eat external food. Both pre-
larvae, and post-larvae require adequate oxygen concentration ( 6-
8 mg/L), adequate temperature (25-29°C), and waste-free water; 
Food in adequate quantity is also essential· for post-larval 
growth and development and protection from its predators (i.e. 
Copepoda and Odonata). The principal cause of mortality of post-
larVae gamitana is low availability of food. Initial1y the post-
larvae feed on rotifers, and later advanced post-larvae eat 
copepods, cladocerans and can accept prepared feed. The post-
larvae reach the advanced stage of development 10 d after the 
initial feeding day (15 d afterr hatching). At this time they 
range in size from 1.5-2.0 cm TL. 
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F. Larviculture 
When the larvae start to eat, and befare the total reabsorbtion 
of the yolk sac, cculturists often feed live food (nauplii of 
Artemia sp. or plankton from previously fertilized ponds) , andjor 
with prepared food (chicken egg microcaps or formulated diets; 
Tables 16) . In Venezuela (UCLA) , researchers use 2-m 2 tanks that 
are fertili 'zed with arnrnonia sulfate (100 ppm), urea (10 pprn) and 
triple superphosphate ( 10 ppm) . With this systern they have 
produced an abundant supply of rotifers and cladocerans. The 
rotifers appear after 9 to 15 days, and the tanks are 
refertilized and the cladocerans are fed rice meal powder. In 
Tarapoto, Peru, rnassive populations of Brachionus sp. (56 uljL) 
superphosphate (30 gjrn 2 ) (Ascon 1988) . 
After hatching the rnanipulation of the l arvae varíes from one 
station to another. In sorne stations they are transferred to 
incubators of large capacity (CEPTA, Brazil) or to tanks 
(Tarapoto , Peru) orto nets (Íquitos 1 Peru). The stocking density 
in larvicultture fluctuates between 10 to 500 larvaejL . 
The prernature post-larvae can be reared using different 
containments such as aquaria, incubators, · tanks , or earthen ponds~ In these environments, the manipulatin of the water used 
for incubation and larviculture is very important for good 
survival of the larvae . This include constant flows of water (2.5 
and 4.0 L/rnin in incubators of 60 and 200 L, respectively) andjor 
aeration. 
The rnanagement of the water is accomplished with filtration, 
sterilizatin with ultraviolet light (Llanos, Colombia) 1 
regulation of pH and hardness (UNET, Venezuela) 1 raising 
temperature (Las Terrazas, Colombia), recycling water systems 
(INPA; Brazil), elimination ·Of predators (Brazil), and with 
fertilization (Iquitos, Peru). 
Successful production of gamitana larvae depends on the 
production of live food in adequate quality and quantity. The 
rnajor g~oups of zooplankton produced in ponds are rotifers and 
two suborders of crustaceans : cladocera .and copepoda. Many other 
invertebrates such as Anostraca, Ostracoda and other aquatic 
insects are present in ponds as competitors or as predators of 
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gamitana larvae. Zooplankton succession starts with the presence 
of rotifers, then the cladocerans and minar copepods, and finally 
the larger copepods and cladocerans. This succession can be 
manipulated using fertilizer and insecticides (Tables 17) . It has 
been demonstrated in CEPTA (Brazil) that rotifers and nauplii, 
th.en they eat cladocerans. Rotifers are more vulnerable that 
cladocerans, _which in turn are more vulnerable than copepoda to 
suction capture mechanisms (Batista et al. 1986a). 
The environmental factors that influence the production of fry 
in the first period of culture are adequate temperature (between 
24-29°C), quality a nd availability of food (the post-larvae 
prefer organisms of o .15-0. 20 mm, such as rotifers), oxygen 
conc-entration ( optimum: 6-8 mg /L) , presence of predators 
(primarily larvae of odonates and copepods), and temperature over 
30°C kill pre and post larvae after 5 days of hatching. 
The characteristics of the food is very important in the 
feeding of the larvae. Gamitana larvae start feeding on rotifers, 
protozoans and crustaceans in the firs t 11 days, but after the 
sixth day of hatching they can accept prepared food. The size of 
the zooplankton is very important. If the zooplankton is bigger 
than the mouth of the larvae it cannot be consumed and the larvae 
will starve .. 
The organs of taste or gustation of the larvae are not well 
developed; so some authors believe the larvae need water with 
adequate transparence in arder to see and capture food (Guimaraes 
and senhorini 1985) . Accordingly , the best food for ~ 1 cm TL 
gamitanas are rotifers. Rotifers reproduce quickly when they are 
in water rich in algae, bacteria and organic detritus and very 
low or absent populations of competitors (i.e. copepods, 
cladocerans). Rotiferans are also important food because they do 
not jump and are easy prey for the gamitana larvae to capture. 
Rotifer production is considered good whn 1-3 ml of rotifers 
is obtained after filtering 100 L of water from the nursery pond 
with a 20-180-um mesh net. 
The development of the maximum population of rotifers occurs 4-5 
days after filing the pond and it remains so for 3-4 more days. 
The gamitana continue using zoop l ankton as food during the first 
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year of culture. 
The most frequent zooplankton found in the stomachs of gamitana 
larvae and fry are the following: in the first days (t days after 
stocking) oonly rotifers, after 10 to 12 days the smaller 
cladocerans and copepods become most important, and during the 
next 5-10 days of cultu~e (15-30 days after stocking), the larvae 
eat all available cladocerans and copepods . They can also eat 
small larvae of insects such as chironomids and odonate larvae 
at this time (Guimaraes and Senhorini 1985). In Venezuela, Bello 
et al. ( 1989) reported the use of li ve Artemia and cul tured 
cladocerans as food for post-larvae of gami tana. In Lasalle 
Fundation· (Venezuela) the culturists produced Moina and 
.Oiaphanosoma to feed post l arva l gami tana. The cladocerans 
contain between 45-50% protein. The Venezuelan researchers 
reported that in tanks of 10-200 m2 , chicken food fermented for 
3 days, and applied at a dose of 20 gjm2 jweek, produces 2,000-
4,000 cladoceransjL. The best result reported by these authors 
using this system was the production of 2 , 300 post-larvaejm2 in 
27 days. Each post-larvae consumed 62-173 cladocerans daily. 
The natura l predators of . larvae and fry are one of teh main 
impediments to obttain good production (Batista et al. 1986b). 
The aquatic predators can be classified as micropredators and 
macropredators. The first are the cyclopoid copepoda carnivores 
that take the gamitana larvae and break their skin and tail with 
their spiny appendages. A few cyclopids can kill hundreds of 
larvae in a short time. During the first week of culture the 
cyclopid copepods are very dangerous to larvae. One hundred 
cyclops sp. per liter of . water in the pond can kill 90-95% of 
tthe stocked larvae (Batista et al. 1986a). The macropredators 
are animals that eat the fish larvae such as larval insects. 
Batista et al. (198Gb) reported that the most predateous insect 
larvae are the Odonata. They listed 14 predator species of 
odonates in Brazil, of these, three are the most frequent 
(Plantala flavescens, Coryphaeschna adenaxa , and Brachynesi sp.) 
These insects of the sub-arder Anisoptera cause majar predation. 
They reported that Panta l a falvescens (Fabricius 1798) produce 
400 eggs per female; its nymphs hatch in 114 h after eggs are 
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laid, with a total length of 1.0 mm. ~fter 24 days they attain 
25 mm in total length . The water temperature where these larvae 
develop varíes between 24-25 oc, pH 6 . 8 and oxygen of 6 mgjL . 
Nymphs are transformed into adults in 54 days. Batista et al. 
(198Gb) tested the predator- prey relationship of odonate nymphs 
(20 mm) against h mitrei larvae "(7 mm) . They used different 
densities of pacu: 50, 100 and 150 larvae per aquarium and in 
each one tthey stocked one odonata larvae. Predation was 31,31 
and 32 larvae, respectively , in the three treatments. They found 
tthat one 2.0 cm Pantala flavescens nymph can eat 32 gamitana 
larvae of 7.0 mm TL in 24 h. 
1 . Preparation of ponds in larvae culture 
Disinfection and fer·tilization. The most common technique used 
to disinfect ponds is the use of calcium oxide (CaO) a t a 
concentration of 60-200 gjm2 . Fertilization is accomplished using 
chi cken manure at 100-300 gjm2 . 
Sorne stations (Peru) use green or dried grass as an organic 
fertilizer, while others u se urea at 2 . 5 gjm 2 or . triple 
superphosphate at 39-60 g¡m2 . 
The addit i on of calcium is very important for the preparation 
of ponds . 
The calciurn kil l s potential predators and deseinfects the sides 
and bottom of the humid empty pond . rt·also improves the buffer 
capacity of the water (Boyd 1990) . The calc i um (CaO) is applied 
in the first hour after dawn. The doses vary ~etween 60 - 200 gjm2 . 
The dose depends on the amount of organic matter and lower pH 
(<5) and hardness (<20 ppm) require higher amounts of CaO than 
ponds that have higher pH (6-8) and hardness (>20 pprn) . The 
calcium must be completely distributed in moist forro to avoid a 
reaction of cao with co2 from the air forming calcium carbonate , 
which has less disinfectant effect. After 4- 6 hours, the cao is 
mixed with the pond surface soi l to avoid quickly cchanging pH 
of the water when it is added . Befare the pond is filled, organic 
fer t ilizer is added in the following dosages: cow manure at 
6 , 000-10,000 kgjha or chicken manure at 2 , 000- 4, ooo kgjka or 
swine manure at 4,000-7 , 000 kgjha. If the water does not respond 
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to organic fertilizer the n 30-60 kgjha of triple supe rphosphate 
( 45% P20 5) is suppl i ed . 
Batista et al. (1986a) 1 uslng 1000-m2 ponds f e rtilized with 
chicken manure and NPK (0 6-30-00) produced abundant phytoplankton 
and zooplankton (rotifers, cladocerans and copepods) . They report 
total zooplankton production of 170 ml at 20 days after 
fertilization 1 140 ml after 30 days 1 50 ml after 34 days and 20 
ml at day 38 when sampling 100 L of water with a 150-um 
zooplankton nett. 
Control of pre d a tors and se l ection of zooplankton. The inflow 
of water is controlled using a 150 um-mesh net in order to avoid 
the introduction of eggs of potentia l predators. Biocides to 
control comp ~ titors and predators of gamitana larvae are being 
used less frequently . However 1 in sorne cases culturists use 
organophosphates (Metrifonato 0.5-1.0 ppm 1 methyl parathion 0.25 
. . 
ppm 1 Fention 0 . 1 25 ) and petroleum by-products (7.5 ml of disel 
f uel plus 0.25 ml of motor oil f or each m2 ). 
In Brazil (CODEVASF and CEPTA) 1 culturists use two kinds of 
organophosphates; the first is Dipterex (=Neguvon) 1 Masoten or 
malathion at 1 ppm of active substanc e 1 a pplied 4-6 days be~ore 
stocking of the larva·e to elimina te copepods and cladocerans. The 
second biocide is Folidol--E phosphorothioic acid O 1 0-diethyl o- ( 4 
nitropphenyl 1 Merk 1989) ester 1 at 0.25 ppm of active substance 
10 days after of the first treatment that was made with Dipterex 
to eliminate all insect larvae. It is important to apply the 
organophosphates during the morning and only in water with pH 
lower than 8. 
Da Costa and De Mela (1986) tested the insecticide Neguvon 
(Phosphanato 0 1 0-Dimetil-oxi-2 1 2 1 2 1 tricloroetilo 1 97%) in the 
sele.ction of zooplankton. The highest concentration of rotifers 
(7 1 426/L) was obtained 8 days after the insecticide application 1 
but then the concentration decreased to 1 1 628/L and 371/L after 
the tenth and ninth days 1 respecti vely. This treatment eliminated 
the cladocerans and copepods 1 but did not affect the rotifers. 
De Morais and Senhorini (198 6 ) reported tha t the 24 h LD~of 
Trichlorovet with 97% Trichl orfon (0 1 0-dimetil-oxi-2 1 22-
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Tricloroetilo) , a chemical that is indicated as a larvicide, 
ovicide and wormicide, is 3,87 mg / liter for Pantala flavescens. 
Batista et al. (1986) tested the effect of organophosphates 
(Folidol 60%-Bladan E-G05 and Folidol E-G05) applied to ponds 
containing gamitana larvae. 
They stocked 104,000 and -152,000 larvae in two 1000-m2 earthen 
ponds. 
Folidol was applied 4 days after stocking at a concentration of 
0.25 ppm to kill the predators. After 30 days post-stocking at 
a concentration of 0.25 ppm to kill the predators, After 30 days 
post-stocking, the fingerlings had a total length of 3.5 to 4.3 
cm and a total weight 0.93-1.4 g. Survival was 34.8 and 35%, 
respectively. The same doses were applied to pacu and tne 
survival rate was 70%. 
Rotifer populatiton estimates are made with filtration of 100 
L of water using a 20-180 um net 5 days after the chemical 
treatment. Good productiori of rotifers is indicated when 2-3 rnl 
of sedimented z ooplankton exists in this volume of filtered 
water . 
2. Utilization of Bercaria net 
This method has been used in CEPTA (Brazil) since 1982. 
Researchers utilize a 33 3-um mesh net to cover the ponds where 
the larvae are stocked for a period of 6 days. From the nets, the 
larvae are theri moved to another pond previously treated with 
Folidol, and stocked at a density of 8,000 larvaejrn3 • In this 
case an air compressor is used to improve oxygen concentration 
(Da Costa and De Melo 1986; Batista et al. 1986b). 
De Morais et al. (1986b) used two kinds of nets in two steps 
for gamitana larvae culture , one net with 333-um mesh (Type I) 
and the other with 1-mm mesh (Type II). Young larvae at a stage 
when the mounth is still closed are transferred from the 
incubators to the Type I net where they are fed for 10 days in 
this net, the larvae are fed with mixed powdered food (50% 
protein) composed of soybean, fish meal, "premix " (vi tamins + 
minerals) and live fpod two times each day. After day 10 to day 
20 the larvae are stocked in the Type II net where they receiv e 
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formulated food. Finally, these fry are transferred to fertilized 
ponds. 
In a more simplified system, CEPTA culturists first chemically 
treat with calcium and fertilizer as previously described and 
after 5 days the post larvae are stocked in the ponds that have 
been prevously filled with water up to 0.5 m. 
One week later they totally fill the pond with water (maximum 
depth = 1. 5m) . 
During tpe rest of the culture period they only r eplace wat er 
lost by evaporation and seepage. 
In Repelan (Colombia), the culturists use a system that 
produces up to 92% fry survival after 25 days (Valencia and 
Puentes 1989). Five days after hatching, post-larvae are stocked 
in concre te tank where they are fed with microencapsulated peaces 
of cooked chicken eggs (1 eggjlOO,OOO post-:-larvae/24 h) and 
Arternia naup l ii. After 5 days the larvae are transferred to 
earthen ponds previously fertilized (2 days befare stocking) with 
N-P-K (11-53-0)' at 27 kgjha. Larvae are subsequently fed prepared 
food (23% protein). 
3 . Stocking density of post-larvae 
In nearly all five countries the stocking density of post-
larvae in ponds fluctuates between 100-600jm2 (Table 17). In the 
stations of Befume (Brazil) and Divisa (Panarna) the stocking 
density is up to 600jm2 . 
In Repelan (Co lombia), the stocking densities used are between 
200-500/m2 , but after 10 days the d ens ity i s reduced to 100/m2. 
In CODEVASF (Brazil), where the culture of fry is super-
intensive, a 600jm2 stocking density is used. In this case the 
culture is associated with swine (1 pig/500 m2) . 
In most cases fry production is accomplished in one step for 
a duration of 30-45 days (Colombia, Peru , Brazil, Venezuela) . 
However, in Divisa (Panarna), culturists use a three step rnethod . 
In the first step, with a duration of two weeks, the post-larvae 
a re s tocked ata density of 400-600/rn2 , in the second step (15-30 
days), the density is reduced to 50- 60/rn2 , and JO days later the 
density is reduced to 30/m2 . Fish at the third stage are 6- 8 cm 
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TL and can accept pelleted feed. In Brazil, DNOCS starts the 
second step with fry of 30-40 days at one density of 16 fryjm 2 ; 
this second step is for 20-30 days. In Goias (Brazil), the second 
step ·is initiat~d between 15-30 days reducing the density to 20 
fryjm 2 • 
4. Prepared food in fry production 
Aquaculturist in all five countries start to _provide prepared 
feed immediately after stocking the larvae. Usually they use 
commercial food or diets prepared in their own hatchery (18-45% 
protein) . This food is distributed over the border of the pond 
5-6 times per day. 
The following four systems are most frequently reported by 
culturists in Brazil: 
1) Feeding is initiated with a powdered diet (100 -150 um); this 
diet contains yeast (40%), blood m~al (25%), soybean meal (20%); 
fish meal (10%) and soybean oil (5%). After _10 days the size of 
the particies of this diet is changed to 400 or 500 um. 
2) In DNOCS (Brazil) the following diet is reported: 
Food 
Rice bran 
Corn meal 
Soybean meal 
Fish meal 
Meat meal · 
Initial food 
first 10 days 
(%) 
25 
25 
25 
25 
Fingerling food 
10 to 30 day 
(%) 
25 
25 
25 
25 
3) For the first 14 days ~ third diet with 50% protein is offered 
which is composed of fish meal (50%) l texturized soybean (25%), 
milk powder (23%) and minerals and vitamins (2%) . After this time 
the larvae are fed a diet with 30% protein. 
4) The fourth diet is a mixture of soybean meal (25%), fish meal 
(25%); meat meal (25%) and blood meal (25%) in powder form (0.1-
0.2 mm). 
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-The · ration in calculated based on number of stocked larvae. In 
general, the rate is 0.5-1.0 kg/100,000 larvae. The following 
table summarizes sorne usefull quantities: 
Week Quantity (kg 1 105) 
Two tirriesjday 
Characteristic 
First 0.2 Powder 
Second 0.5 Powder 
Third 1.0 Sieved 
Fourth 1.5 Sieved 
Fifth 2.0 Sieved 
Cantelmo et al. (1986) tested the size of the food in relation 
with total fry length. They reported that 0.7 mm TL gamitana 
starved when fed with tood sized 0.25 mm or longer. Gam~tanas 
with 1.0 cm TL accept .food particles up to 0.25 mm (powder); 
1.34-cm · TL gamitana accept food up to 0.35 mm; 1.93-cm TL 
gamitana accept food up to 0.42 mm , and those with 2.85 cm TL 
accept food sized up to 1.41 mm. Ferraz de Lima · and Castagnolli 
(1989) also reported the use of powdered food (0.25 mm) for 
gamitana ~ 1 cm TL; grains (0.5-1.4 mm) fo r 1.5-cm TL fry, grains 
and pellets (1.4-5 mm) for juveniles ~ 100 g, and pellets (5-7 
mm) for those weighing over 100 g. 
5. Larval growth (Tables 13 and 14) 
Teh formula that represents the relation between age (days) 
with total length (mm) for gamitana during the first 29 days is: 
Length (mm)= 3.474 + ·0.993 (Days) r=0.98 
Gamitana with 1.25-1.35 cm TL weight 0 . 021 g and those with 4.5 
cm TL 5 g Table 14. 
The gamitana reach lengths of 2.0 to 3.5 cm TL in 3-4 weeks, 
depending upon quantity and quality of natural and prepared food. 
Prepared food is very importantt from the sixth day after 
hatching. 
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The gamitana must be maintáined in the larviculture ponds for 
no more than 4-5 weeks, after which they must be stocked in f ood 
fish ponds or sold. 
The stocking density influences growth of the fingerlings. Fry 
stocked at the age of 15 days in two different densities (75 and 
200 larvaejm 2 ) had different final weights after 25 days. The fry 
stocked at low density hada total weigh of 3.5-3.8 g while those 
stocked at high densities attained only 2.6-3.0 g. The latter 
gamitana were thin and died after bbeing stocked in one pond or 
when they were shipped (Guimaraes and Senhorini 1985). 
G. Culture Systems 
Different types of aquaculture systems are used in Latin 
·America and can be classified as extensive, semi-intensive or 
intensive . 
1 . Extensive aguaculture 
Extensive aquaculture is developed in lakes and reservoirs in 
monculture or polyculture with common carp (Cyprinus carpio) , 
tilapia· (Oreochrornis niloticus) and Prochilodus nigricans and ~ 
c earaensis. The stocking density in this system is lower than 0 . 5 
fishjm 2 and it starts with juveniles of ·5 cm TL or longer . The 
supplementary feeding for the gamitana is c?mprised of 
agricultural by-products. In Panama (Pretto 1989) in 1988, 
200,000 gamitana juveniles were stockid in Lake Alajuela (4,500 
ha). Although there is no precise information of the total 
fishing of this lake, it has been reported that gamitana averaged 
a total weight between 3- 10 kg by 1991. In southeastern Brazil 
under similar stocking procedures gamittana weighed 1.5-3. 0 kg 
after 13 months . Novoa and Ramos (1982) cited by Martinez (1984) 
(Table 18) reported gamitana culture in ponds with areas of 300 
and 6800 m2 , in extensive system with only organic fertilization 
(chicke n manure at 2 ,000 kgjhajyear) . 
Gamitana with a initial weight of 46.6 g were stocked at a 
density of 0.38 gamitanajrn 2 • The daily growth reported was 1. 7 
g, the final weight was 616 .8 g and the average total production 
was 2,000 kgjhajyear. 
Martinez (1984) t ested the culture o f gamitana fed with fruits 
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in 300-m 2 earthen ponds . The stocki~g density repor ted was 0.21 
gamitana¡rn2 , and the individual initial weight was 7 . 8 g . After 
669 days fish hada final weight of 1,814 g . and yielded a total 
production of 2 , 700 kgjhajyear (Table 18) . 
2. Serni- intensive: 
- Monoculture 
Product ions up to 10 1 441 (Brazil) 1 9,070 (Colombia) and 10 1 931 
(Venezuela) kgjhajyear have been reported bby Lovshin et al . 
(1980) 1 Martinez (1984) 1 Hilder and Bortone 1977 , and Valencia 
and Puentes 1989 1 in gamitana culture (Table 19). ~ macropomum fingerlings averaging 6 g in weight were 
transported from the Amazon River and stocked in three 355- m2 
..... earthen ponds located in Pentecoste 1 Braz i l (Lovshin et a l. 
19BO) . These fish were . stockid at 2 1 077/ha. 
Both ponds were fertilized twice during the first 6 months with 
16 kg (450 kgjha) of cow manure and 4 times with 600 g (16 . 8 
kgj ha) of triple superphosphate. 
They w~re fed a pelleted diet (29% protein) 6 days per week at 
3% of .the s t anding crop of fish in the pond. The feeding rate was 
adjusted monthly based on growth calculation from monthly seine 
samples. After 405 days 1 2,509 kgjha of gamitana were harvestéd. 
The average we i ght was 1 1 245 g (3 . 1 gjday). 
Survival rate was 97% and the feed conversion was 3.1 . 
Valencia and Puentes (1989) tested the proquctio~ of gamitana 
juven iles in 200-m 2 earthen ponds at two stocking levels (10 , 000 
and 20,000/ha) . All fish were fed a pelleted chicken ration {23-
27% protein) at 3% of the average stading crop of fish in each 
t r eatment (Table 20). The initial average weight was 32 - 57 g . 
After 300 days the gamitana at the lower density had a total 
weight between 731 to 900 g, and the gamitana at the higher 
density weighed 3·68 g. The food conversion for both densities was 
2 . 9 after 300 days. The average production was 7,677 (higher 
density) and up to 9,430 kgjhajyear (lower density) Table 20 . 
Lovshin et al. (1980) tested the production of gamitana in 350-
m2 earthen ponds at two levels . of stocking using fingerlings 
produced on the Pentecoste Station . The fish were stockid at a 
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rate of 5 1 000 and 10 1 000/ha 1 with each stocking level being 
replicated three times. All f ish were fed a pelleted chicken 
ration (17% protein) at 3% of the average stand ing crop o f fish 
in each treattment. Fish were fed in the afternoon 6 days per 
week . The initial average weight was 24.5 g. After 6 months the 
gamitana at the lower density hada total weight of 619 g. 1 and 
the gmitana at the higher density weighed 424 g. The food 
conversion for both densities was 1.6 at 365 days 1 and the final 
weights for the lower and the higher densities were 1 1 496 and 
1 1 052 g, respectively. 
Average production was 6,683 (lower density) and 9 1 391 kgjhajyear 
(higher density). The average feed cconversion was 2.8 fo r both 
groups. Growth was 4 gjday and 2.8 gjday for the lower and higher 
densities 1 resectively. Mort~lity was 9 and 13% for higher and 
lower densities 1 respectively. 
Aparecido Ferrari (1986) tested the growth and production of 
gamitana using t wenty 350-m 2 earthen ponds. He used 4 treatments : 
control 1 ferti lization ( chicken manure at 2 1 500 kgjhajyear) 1 corn 
plus fertilizat i on and a prepared diet ( 20% total protein) . These 
experiments were repeated wi th three densi ties: 55 1 000 1 10 1 000 and 
20,000 fishjha. Based on these studies he suggested that the 
culture of gamitana should be divided in two steps 1 the first for 
the production of gamitana with 200- 300 g in 200 days of culture 
and the second to produce a fish of market weight (900 -12 00 g). 
The density of stocking for the first step was suggested as 
20,000/ha fed with corn plus fertilization while the second step 
shdUld use a balanced prepared diet. Ho~ever 1 he did not suggést 
densities for the second step. 
Phelps et al. (1980) 1 cited by Da Silva and Melo (1984a) 1 
tested the culture of gamitana in 200-m 2 earthen ponds in Repelan 
(Colombia) . Fish were stocked at a rate of 10 1 000 /ha with an 
average weight of 25 g and fed with pelleted chicken feed {15% 
protein) at 3% of their wet body weight 5 days jweek. 
Feeding rates were recalculated every two weeks based on seine 
samples. 
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After 6 months the pond was drained and all ·fish harvested. 
Gamitana hada pLoduction of 7,647 kgjhajyear with an average 
individual weight of 443 g. 
Food conversion was 1.45 and average weight ~ain was 2.3 gjday . 
Da Silva and Mela (1984b) performed an experiment testing the 
growth and production of gamitana fed dried, shelled field corn. 
Three 355-m 2 earthen ponds were stocked with fish averaging 74 
g each ata rate of 5,000/ha. Fish were fed broken corn for the 
first three months and for the remaining 9 months were fed whole 
corn. Feeding rates were recalculated monthly based on seine 
- samples. After 365 days, and average total production of 4,740 
kgfha was harvested. Fish averaged 948 g (2 .18 gjday) each, 
survival was 92% and conversion of corn to fish was 4.1 to 1. 
Da Silva and Mela (1984a) p erfomed another experiment testing 
the growth and production of gamitana fed palm nut cake (Orbigna 
martiniana) . 
Palm nut cake is a by-product of the vegetable oil industry after 
oil extraction. Three 355-m 2 earthen ponds were stocked wi th fish 
averaging 120 g at a rate of 6,500/ha. Fish received palm nut 
cake daily att 3% of their average wet body weight, 6 days per 
week. After 365 days, an average total production of 4,276 kgjha 
was obtained at harvest. Fish averaged 658 g · (l. 54 g ¡ d) and 
survival was 100%. Food conversion rate was 5.5. 
Campos (Iquitos, Peru; 1989-unpublished information-Table 21-
22; Figure 9) performed and experiment testing the growth and 
production of gamitana fed thre different diets: Diet I (lOO% 
corn; 8. 5% protein) , Diet II (lOO% rice by product; 13.4 % 
protein) and Diet III pellets ( 2 O. 61 protein) . ·A completely 
random design was used with ·three treatments replicated two times 
each. Six 100-m 2 earthen ponds were stockid with fish averaging 
27 ± 9 g each ata density of 1 fishjm 2 • Fish received a daily 
ration at 5% of the average wet body weight 7 days per week . After 
90 days Diet III yielded the best growth (136 ± 36 g). nearly 
doubling the performance of diet II (78.60 ± 20 g) and Diet I 
(80.5 ± 27 g). Survi ival was 88%, 86% and 94 % for Diets I, II, 
and III, respectively. Daily growth was 0.58, 0.55, and 1.22 g, 
respectively. Food conversion rates were 5.74, 6.58 and 3.70 for 
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Diets I, Diet II, and Diet III, respectively. In general Diets 
I and II are not significantly different, but Diet III yield 
significantly (p<0.05) better results (Figure 11). The weight-
length r elationship in this experiment was: 
W = 87.672166 - 15.79 L + 0.914011 L 2 
where 
W = weight in grams; 
L = length in cm. 
In another experiment (Campos 1988; Tables 23-24¡ unpublished 
data) performed three experiments· using large ponds to culture 
gamitana and hybrids of garnitana ferna les with paco males (Figure 
10) ~ In the first experirnent garnitanas with a initial weight of 
20.5 ± 1.76 g were stocked in a 1,440-rn2 earthen pond at a 
density of 1.2 fishfm 2 • They were fed a pelletized diet (30.7% 
protein; Table 24) prepared in the hatchery. The ratiion was 3 % 
of the wet body weight provided 6 timesfweek. The feeding rate 
was ad justed monthly based on growth calcul attions from monthly 
seine samples. After 300 days the gamitana had a final weight of 
158.9 ± 16.4 g. The feed conversion was 6.0 and the avera~e total 
production was 1, 858 kgfhajyear. The· total rnortality in this 
experiment w.as 10% and growth was O. 46 gfday. 
At the same time and using the same kind of water, the same 
diet (30.7% protein) and ration (3%/6 daysjweek) was provided to 
garnitana iin ponds with an area of 2,9 40 rn 2 using a density rate 
of 0.8fm 2 • Garnitanas that were stocked with an average weight of 
13.05 ± 2.23 g after 300 days of culture had a final weight of 
199.57 ± 19 g. The food conversion ratio was 3 . 84 and the total 
production was 2,103 kgjhajyear. Mortality was 10% and the growth 
rate was 0.62 gjday. 
Finally, in another experirnent using the sarne water source, the 
same food (30.7 % protein), and ration (3%) was evaluated in a 
study in which a 2,640-rn 2 pond was stocked with hybrids (gamitana 
X paco) with an initial w~ig ht of 14.79 ± 1.33 g. The final food 
conversion was 4.61 and the production was 1,965 kgfhafyear. The 
total mortality was 8% and the daiily growth was 0.46 g. 
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Da Silva (1983) reported that in 7 experiments, with three 
replication of each, gamitana monoculture (23 g initial weight) 
at DNOCS (Brazil) grew exceptionally well. after 1 year of 
culture, the final weight of fish was between 677 to 1,496 g, 
production was between 2, 487 to 10,491 kgjhajyear, and growth was 
between 1.5 to 4 gjday. Survival rates ere between 80 and 100%. 
The fedd conversion ratio was 2.5-5.1. These experiments used 
chicken food (29-35% proteiin) as the source of food. The best 
results were those with a density of 10,000 f i shjm2 using a diet 
with 29% protein fed at ·3% of the wet body weight per day. 
- Polyculture 
Da Silva et al . (1978) performed an experiment in Pentecoste, 
Brazil testing the influence of the all-male tilapia hybrid 
(female ~ niloticus X male ~ hornorum) in polyculture with 
gamitana.a completely random design was used with two treatments 
each replicated three times. Gamitana of 25 g initial weight were 
stocked in 355-m2 earthen ponds ata rate of 5,000/ha along with 
5,000 all-male tilapia hybridsjha with initial average weights 
of 18 g . Fish · were fed 3% of the average wet body weight of 
gamitana only. A pelleted chicken diet (17% protein) was fed 6 
days per week. After 6 months the average final weights for 
gamitana and tilapia hybrids were 485 and 245 g, respectively. 
At this time the average productions were 2,393 and 1,io9 kgjha, 
respectively and total fe.ed conversion was l. 7. After 365 days 
the final weights were 1,189 and 748 g of gamitana and tilapia 
while production levels were 5,640 and 3,299 kgjhajyear , 
respecti vely. Growth was 3. 2 and 2. o g ¡da y for gami tana and 
tilapia, respectively. 
To further · test the influence of the all-male tilapia hybrid 
on gamitana, Da Silva et al. (1978) stocked the equivalent of 
10,000 gamitanajha together with 3,000, 4,000, and 5 ,000 t .i lapiia 
hybridsjha in triplicated 355-m2 earthen ponds. 
Average initial weights of gamitana and tilapia were 39 and 13 
g, respecti ve.ly. 
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Fish were fed pelleted chicken diets (17% protein) at 3% average 
wet body weight of gamitana only in each treatment for 6 days per 
week. After 360 days the toal average for the treatment stocked 
with 3, 000 hybrids was 9, 550 kgjhafyear, while the treatment with 
4,000 hybridsjha was 10,084 kgjhajyear, and the treatment with 
5,000 hybridsjha was 10,930 kgjhajyear. Food conversion rate for 
gamitana and tilapia together were 3.4, 3.2 and 2.9 for tilapia stoc~ing rates of 3,000, 4,000, and 5,000, respectively. This 
experiment demostrated an increase in total fish productic n 
through polyculture without significantly affecting growth of 
gamitana. 
Campos (1986 unpublished information, Tables 25 and 26), 
performed two polyculture experimentts in Iquitos, Peu using two 
140-m2 earthen ponds for each study. The f irst experiment was 
des igned to determine the influence 0f all male tilapia (produced 
by sexual reversion of ~ niloticus) i n polycÚlture with 
gamitana. Two ponds were used in order to replicate the 
experiment. 
Gamita na initially weighing 30 ± 1.6 g were stocked ata rate of 
0.5fm2 wi.th all-male tilapia having initial weights of 4 6 .8 ± 2.8 
gata density of 1 tilapiajm2. 
Fish were fed 3% of their average wet body weight . The fish were 
fed 6 days per week with a prepared pellet (8.5% prot ein , Table 
26) . After 120 days the final weight of gam~tan~ and tilapia 
males were 85.7 ± 3.7 and 109.32 ± 2.6 g , r e spectively. At this 
time the relative .total product ion was 833 kgjhajyear for 
ggamitana and 1,875 kgjhajyear for tilapia, with a total feed 
conversion of 2.9. 
The total production for the two fishes was 2,708 kgjha j year. 
Growth was 0.46 and 0 . 52 gjday for gamitana and tilapia, 
respectively. No fish mortality occured over the duration of the 
study. 
The s econd experiment tested the influence of Proch i lodus 
nigricans (this fish eats detritus and phytop l ankton) in 
polyculture with gamitana. Two 140-m2 earthen ponds were filléd 
with water of the same origin as th previously described study 
and the same diet (Tables 25 and 26) were employed. The ration 
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was calculated only for gamitana total weight (3%). Gamitana were 
stocked with a initial weight of 21.9 ± 2.51 g while Prochilodus 
had initial weights of 25 ± 2.8 g. After 120 days the final mean 
weight of ~amitana and Prochilodus was 64.5 ± 4 and 56 ± 2.2 g, 
respectively. At this time the average equivalent production was 
1,278 kgjhajyear for gamitana and 1,735 kgjhajyear for 
Prochilodus with a feed conversion of 2.9. The total producttion 
for both fish was 1,735 kgjhajyear. The growth rates were 0.35 
and 0.25 gjday for gamitana and tilapia, respectively. No 
mortality was found in these experiments. 
In Gualaca, Panama, gamitana were cultured in polyculture with 
fresh water shrimp·, Macrobrachium rosenbergii (Pretto 1989). 
Macrobrachium were stocked alone in 3 ponds and with gamitana in 
3 ponds, each having a 900 m2 surface area. The species were 
stocked at densities of 0.1 (Macrobrachiumjm 2 and 0.28 fishjm 2 
with average weights of 6.8 and 80 g, respectively. No 
significant differences were found af.ter 5 months ·between the 
growth of the Macrobrachium cultured alone and tho~e cultured in 
association with . gamitana. 
Therefore, this study indicates that in culture of gamitana low 
densities of Macrobrachium ccan be stocked without affecting the 
growth .of the fish. 
Da· Silva A. (1983) and Pinheiro (1989) reported that of all the 
experimental polyculture studies with gamitana at 5,000/ha plus 
tilapia hybrids at 5,000/ha plus common carp at 2,500/ha, all fed wi~h cchicken food (19% protein). 
This polyculture combination yielded a production of 13,358 
kgjhajyear. Good results were also reported with gamitana at 
5,000 and 10,000/ha plus tilapia hybrids at 3,000 and 10,000/ha. 
In these experiments the reported. production levels were 8,878 
to 11,106 kgjhajyear using chicken feed (19% protein). 
These researchers also reported studies in which gamitana were 
stocked at 2,500/ha with tilapia hybrids at 5,000/ha plus common 
carp at 2,500jha 7 all in association with swine (90 pigsjha over 
the pond). After 89 days gamitana growth increased from 44 to 360 
g, hybrid tilapias from 30 to 360 g and common carp from 39 to 
337 g. The total production was 3,543 kgjha/89 days and the food 
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conversion was 2.2 (swine plus fishes). Only the swine received 
food while garnitana and tilapias relied on natural food and 
possibly the rnanure frorn the swine. 
3. Net, aquariurn and cage culture 
Nino anq De Souza (1986) stocked 100 and 150 garnitanasjrn3 in 
nets of 6.5 rn3 • These garnitana were fed for 324 days with 40% 
protein pellets during the first 5 rnonths and with 30% protein 
pelleted feed for the last 174 days. The feeding rate was 3.5 and 
2.5% of the wet body weight for each period, respectively. The 
- ternperature was 25 oc and oxygen concentration was 5 rngjL. The 
growth·rates were 1.37 and 1.31 gjday .for the lower and higher 
densities, respe~tively. The equivalent production was 43.73 
kgfm3fyear and 53.32 kg/rn3fyear. 
.... 
... 
Nunez and Pessoa (1989) suggestted for southeastern Brazil, a 
rnaximurn cage capacity of 45 kgfm3 with a diet of 25% protein and 
2,800 kcalfkg, with fish initially weighing 50 g anda projected 
final weight of 600 g. 
Campos (1988; unpublished data; Tables 27 and 28; Figure 10) 
tested the effectiveness of kudzu (Pueraria phaseoloides, 
Leguminosae) and cetico leaf (Cecropia sp. Muraceae) meals 
(Figure 11) as protein cornponents in the diet of gamitana stocked 
in 6 concrete tanks with a density of one fishfm 2 • He used 10 
fish with an initial weight of 3.79 ± ·o.59 for each of the three 
treatrnents and two repli~ations. The duration of the experiment 
was 270 days, and the fish were fed a ration of 5% of wet body 
weight. Three different diets with tthree different protein 
cornponents were used: 30% kudzu rneal in Diet I, 30% cetico rneal 
in Diet II and 30% fish rneal in biet III. nergetic ingredients 
such as corn rneal (30%), rice bran (30%) and rnanioc flour (10%) 
were included in each experimental diet (Table 28). The three 
diets yielded the best growth (216.3 ± 21.3 g), followed by Diet 
II (123.7 ± 13 g) and Diet I (56.7 ± 6.0 g). The rnortality in the 
three tanks was O ~ o • Daily growth was 0.196, o. 4 4 o, and o. 7 8 9 
gfday for Diet I, II and III, respectively. Food conversion rates 
were 7.9, 6.0 and 3.0 respectively . 
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-Eckman (1984) 1 working with aquaria in Iquitos 1 Peru performed 
an experiment to test six different diets for gamitana. He used 
gamitana with 6 to 8.3 g initial mean weight. The duration of 
tthe experiment was 48 days and specific growth rates were 0.8-
2.1%jday1 with final weights between 11 and 23 g. He reported the 
percentage of the component of the diet that was transformed into 
fish tissue. The percent of fat assimilation was always higher 
than lOO % which indicates that the carbohydrates were also 
transformed into body fat. The values of assimilation of protein 
were clase to 30% in three diets. 
The best was 34% which corresponded to Diet 4 which was highest 
in protein concentration. The lowest protein assimilation was 
with Diet 6 1 which had only blood meal as a source of protei n. 
He concluded that the diet with an equal percent of blood and 
fish meal yielded better growth rate as the overall percet of 
protein increases. However 1 an increased substitution of blood 
meal for fi~h meal reduced the growth rate because of imbalance 
in amino acids of the blood mea l. In another experiment 1 he 
selected Diet 1 in arder t o test i ts effect on growth rate 
(%/day) using different rations (%jwet body weight) in fingerling 
· of 2.0 and 5.5 g. He found the following two polynomial curve 
formulas: 
for fingerling of 2.0 g: %/d = - 0.009 R% 2 + O.J58R% - 0.563 
for fingerling of 5.5 g: %/d = - 0.012 R%2 + 0.292R% 0.256 
He calculated the maintenance ration (R%) as 0.95 and 1.58% wet 
body weight for the gamitana of 5.5 and 2.0 g, respectively. The 
maximum calculated rates of growth (R%) were 1. 55%/d with a 
ration of 12.4% in 5.5 g fingerling and 3.1%/d with a ration of 
20.4% in 2.0-g fingerling. 
Cantelmo and De Souza (1986b) tested a formula o f vitamin and 
minerals called "PREMIX" in gamitana aquaculture. This formula 
(Table 30) was tested using 1 kg/100 kg ration. The use of this 
vitamin supplement yielded good fish growth and no vitamin or 
mineral deficiency signs were observed when it was used to 
supplement the food of gamitana. 
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H. Transport of larvae and fingerlings 
Gami tana larvae should not be shipped until after they have 
filled their swimbladers and totally absorbed their yolk sacs (5-
6 days after hatching) . 
Shipping 5,000 post-larvaejL, or 130 to 200 2-4 cm TL fry/L, or 
20 5-cm TL fry/L of water in plastic bags have been successfully 
accomplished (Nunez and Pessoa 1989). 
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DISCUSSION 
In view of the findiings of the ecological and physiological 
investigations reviewed 1 it can be concluded that Colossoma 
macropomum (Cuvier 1818) is a excelent candidate for aquaculture 
because of such promising traits as its omnivorous feeding 
habits 1 excellent growth potential 1 and its great tolerance to 
poor water quality conditions. 
Reproduction 
The ovary in gamitana is roughly a blind 1 lobulated sac lined 
with a germinal epithelium . This germinal epithelium forros 
numerous oocytes each enclosed by a follicular sheath consisting · 
of an outer thecal and an inner granulosa layer . During gonadal 
maturation (October to January in the amazon basin) 1 the oocytes 
start developing 1 first as an endogenour organelle accumulation 
process (primary growth) , which results in a slight increase in 
diameter, then as a phase óf yolk granule accumulation (pre-
vitellogenes is) followed by vitellogenesis 1 during which 
vitellogenin 1 secreted by the liver, is taken up from the blood 
via special channels through the follicle cells (Smith 1982) . 
In the males the testis consists of a bliind sac more or less 
lobulated. The germinal epithelium lining this sac consists of 
spermatogonia-1 Sertoli cells and interstitiial Leyding cells as 
well as connective tissue (Browder et a l. 1991). At the beginning 
of spermatogenesis, spermatogonia also start to develop within 
cysts of Sertoli cells 1 contributing to the increase in volume 
of the testis by dividing miitotically and meiotically forming 
spermatocytes. The spermatocyt es are liberated as spermatozoa 
into a central lumen upon spermiation . Males rema in in this 
preliminary phase for sorne weeks during tha spawning season (2-3 
months) . Shortly befare spawning 1 the spermiation process is 
accelerated and the sperm iin the lumen is hydrated by the 
addition of fluid secretad by the sperm duct walls (Browder et 
al . 1991). Animal gonadotropin fluctuations in the pituitary and 
plasm are similar to those of female fish 1 but steroid profiles 
are different. Testosterone appears to r egulate sperrnatogenesis 1 
11-ketostestost eron e (de rived from testosterone) initiates 
spermiation, possibly by a n activation of Gth receptors 
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(Carolsfeld 1989) and 17a, 20b derived from testosterone iin a 
process somehow enhanced by 11-ketostestosterone, appear to be 
responsible for the maintenance of spermiation, and, with peak 
production may induce the enhanced spermiation and hydration that 
occurs shortly befare spawning (Browder et al. 1991). Spermiation 
and sperm hydration occurs synchronously with ·ovulation in the 
female. At the time of ovulation, prostaglandina is released int 
the water by the female which stimulate spawning behavior of the 
male (Billard et al . 1984) . 
Final maturation and ovulation or spermation and spawning are 
triggered by a variety of enviironmental factors including 
temperature, high rainfall, change of water levels (Campos et al. 
1992); and pheromon~s (Smith 1982). 
Lin et c:i.l . ( 19 8 6) , reported that photoper iod, elevated water 
temperature and floating vegetation induce a surge in serum gonadot~opin (GtB) levels and ovulation in goldfish (Carasius 
auratus) . Gamitana in pond culture probably carries out 
naturation through to the point of ovulation and spermiation 
independent of other biotic or abiotic changes, but then i t 
requires ·special factors t o initiate spawning (ovulated eggs may 
be retáined by the female for up 2- 3 weeks, at which point they 
start to become overripe and atretic) . 
Another factor which has been reported by Carolsfeld (1989) as influe~cing ovarían atresia is stress (due to manipul ation or bad 
environmental conditions), both during vitellogenesis and final · 
maturation. The direct effect of ·stress at the gonadal level is 
likely via cortical or via a general hormonal imbalance or via 
doparnine inhibition (Carolsfeld 1989) . Pickerin et al. (1987) 
studied the effects of acute chronic stress on the level of 
reproductive hormone in brown trout · (Salmo trutta) and reported 
that chronic confinement for 1 rnonth produced a significant 
elevation of plasm cortisone but suppressed the level of plasma 
testosterone and 11-ketostestosterone in sexual l y mature fish . 
An acute handling stress for 1 hour elevated blood cortical and 
ACTH levels and also suppressed circulating androgens . 
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suggesting that maturation in gamitana is dominated by 
temperature and may be independet of photoperiod. In Betume, 
Brazil temperature is always over 26°C. Nunez and Pessoa (1989) 
suggested that the initiation of ganadal regression (i .e. the end 
of the "waiting" period after vitellogenesis) can be triggered 
by handling stress. This may reduce the length of time required 
for gonadal 
reproduction 
regression 
of gami tana . 
and thus change t he schedule of 
In this way Elliot et al. ( 1984) 
reported that rainbow trout under photoperiod manipulation were 
forced to reproduce in a different season of the year. kobayashi 
et al. t1985) spawned goldfish by raising the temperature of the 
water from 12 to 20°C. 
Kossowski et al . (1980) have recently reported the succesful 
induce maturation of gamitana, including final maturation and 
spontaneous spawning by the transfer of broodstock into small 
pond.s befare expecte~ spawniing. This report suggests that there 
may be stimuli in addition to stress that affect the reproductive 
condition of gamitana which need ·to be further investigated. 
Injection of gonadotropic and the gonadotropin-releasing 
hormones for inducing final maturation and ovulationjspermiation 
are the procedures most widely applied to gamitana in the 5 
countries where it is raised. Various gonadotropic hormone 
sources a nd preparations are available for induced reproduction. 
The oldest is the injection of an aqueous extract or suspension 
of gamitana pituitaries which directly increases the gonadotropin 
content of the blood in the gamitana, thus inducing accelerated 
maturation ncluding final maturation, ovulation or spermiation. 
Houssay (1930), cited by Fontanelle (1977), in Argentina, was one 
of the first to dmonstrate the potent ial o f this approach. 
Subsequently , Brazilian and Russian scientists developed the idea 
into practical procedures which have been spread to many other 
countries. · 
The method basically consists of the injection of the extract of 
suspension into selected "ripe" females at a small preparatory 
dose that serves to move the nucleus to the periphery of the 
oocyte, followed at sorne interval by a final larger resolving 
dose which induces the germinal v esicle brea k-down, ovulation, 
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and spawning. Males receive less hormone, generally as a single 
injection, coinciding wiith the second injection of the females, 
which initiates massive spermiation and hydration at 
approximately the same time as ovulation of the female. This 
protocol has been successfully applied to gamitana. 
Others commonly used hormone sources pituitaries are of common 
carp. Prochilodus cearaensis (in Brazil), and Arapaima gigas (in 
Peru). The major limitations to use of carp pituiitary hormone 
are the high cost, availability, varable activity level and the 
appropriate selection of gamitana broodfish. 
However, in almost all the experiments where the female and rnale 
gamitana are mature the response to spawning was high. 
Purified marnmnalian and piscine gonadotropins have proved more 
reliable , and are currently a more available alternative to fish 
pituitaries. Of the rnammalian hormones, human chorionic 
gonadotrophic hormone (HCG), purified frorn the urine of pregnant 
women, is effective for inducing gamitana 6vulation. This hormone 
is relatiively inexpensive and readily available. 
However, sorne species do not respond to HCG applications and 
immune responses to HCG have been detected in sorne fis.hes (Aida 
1927) cited by Carolsfeld (1989). In gamitana good response to 
spawning is obtained with 3 IU/g. 
Fish gonadotropin, semi-purifies salman gonadotropin, SG-GlOO, 
have not been tested in garnitana, This and other semipurified 
f ish gonadotropins have been used quite widely in a variety of 
species alone or in combination to induce final maturation {Lam 
1982). 
Hypothalamus "releasing" hormone (LHRH) , a synthetic 
decapeptide and its superative analogs have been shown to induce 
gonadotropin secretion in Teleosts (Lam 1982). It has al~o been 
used in gamitana with good success. In the early 1970's, the 
hormone that liberates the gonadotropin, luteinizing hormone (LH) 
in the mammalian pituitary, was purified, characterized and 
synthesized (Donalson and Hunter 198 2, cited by Carolsfeld 1989). 
The full potential of these hormones has only started to be felt 
with the availability of analogs of LHRH molecule and its 
cornbination with dopamine antagonist. 
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These analogs (LHRHa) are synthetic forros of LHRH with an amino 
acid left out andjor replaced by a different one. 
Van der Kraak et al. (1983) cited by Carolsfeld (1989), 
- - -·- demonst-rated- -that ·· one-- of· ···the · analogs · ·(D Ala6 del ··Gly10 ) - ·- LHRH 
ethylamine, showed a significantly more prolonged gonadotropin 
releasing ·effect than LHRH and also that it is more effective for 
inducing final maturation and ovulation. Single injections of the 
LHRH analogs, even with relatively low doses, often seem to be 
sufficient to induce ovulation of "ripe 11 gamitana due to the 
prolonged activity. 
LHRHa are used in mature gami tana close to the period of 
reproduction. 
However, Taranger et al. (1992) reported the use of this hormone 
in Salmo salar 28 to 47 days befare normal ovulation producing 
an acceleration and synchronization of ovulation in the 10 
treated groups. Sorne experiments wi th LHRHa in common carp 
indicated than at least · in sorne cyprinids maturation up to 
ovulation can be induced by this peptide, but that ovulation is 
unreliable (Bill~rd et al. 1984). They add that the reason for 
this problem is dopamine inhibition and that it can be eliminated 
by dopamine antagonist. 
For gamitana reproduction, researchers are using one injection 
of LHRHa. However, Gonzales . (1987) in Venezuela used two 
injections efficiently, the first with Pimozide (5 mgjkg) 
followed by an injection of LHRHa (50 ugjkg). Peter et al. (1987) 
called this the "limpe" method and explained that Domperidone and 
GnRH (or LHRHa) are preferred because of the highest potencies 
in several species, allowing for their use of low dosage. Fermin 
(1991) adds that hydration response of oocytes in bighead carp 
(Aristichthys nobilis) injected with HCG+LHRHa and 
LHRHa+Domperidones caused significant increases in oocyte 
diameter in 7.5% and 7%, respectively. But they were relatively 
ineffective if LHRHa or Domperidone when injected alone. the 
maj or advantage over hypophysation and exogenous gonadotropin use 
is that the LHRHa are samll molecules that can be easily 
synthesized and are cheaper, thus providing an inexpensive, 
standardized hormone. Moreover, only a single injection at a low 
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dose is needed, thus reducing handing of the gamitana. 
The selection of the stage of ma~urity of the recipient fish 
is of prime importance for induced final aturation in gamitana. 
This may be the most limiting factor for success of all 
procedures of induced final maturation. The "ripe" female (mature 
female) must have a high probability of ovulating as a result of 
hormonal treatment. This is probably determined by the proportion 
of follicles capable of 17,20P synthesis. Berlinsky and Specker 
(1990) reported that in Morone saxatilis sampled in the Hudson 
River, females in the primary growth phase and early secondary 
phase (pre-vitellogenesis) had low levels of plasma steroids, 
ovarian lipid content and gonadosomatic index (GSI) . 
Significantly increased estradiol (E) , Testosterone (T) , ovarian 
lipid content ·and GSI occurred during the vitellogenesis phase, 
and maximum levels of all reproductive parameters were found in 
prespawning fish. Fitzpatrik et al. (1986) reported profi~es of 
plasm s ex steroids and gonadotropin in Oncorhynchus kituch. They 
reported higher levels of estradiol-17 beta (E2) in females with 
eggs showing central (pre-migration} germinal vesicles, ·migrating 
germinal vesicles or peripheral g erminal vesicle than in fish in 
which the eggs had undergone germinal vesicle break-down or in 
ovulation. 
In Latín America gamitana spawners are selected on the basis 
of external characteristics (females with swolle, soft abdomens 
and protruded andjor colored genital papilla (Woynarovich and 
Harvath 198 3). Only in Panama has the use of the position of the 
germinal vesicle in the oocytes to initiate the hyphophysation 
been reported (Pretto 1989). The researchers do not use methods 
such as the capacity of biopsied follicies to produce AMP-cyclin 
in vitro in response to gonadotropin stimulation . Thi s method was 
used by Gonzales (1987) and could be used by other researchers 
in the future Methods such as analys is of the average diameter 
of oocyte, size distribution of the oocyte, position and number 
of nucleol i , or the capacity of biopsied follicles to produce 
17,20P in vitro in response to gonadotropin stimulation are not 
in use. Close differences i n maturity among different gamitana 
females are still not exactly determined. Studies suggest that 
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gamitana respond differently at the same doses of hormone even 
though they are apparently of equivalent maturity. Information 
is lacking on differences in initial maturity that could be 
acceptable for the various induction procedures and no evidence 
yet exists that a given individual will respond equally well or 
poorly in subsequent years, though selection on this basis is 
commonly carried out. Nevertheless, it seems that with adequate 
culture conditions and sufficient practice in brooder selection, 
external characteristics are sufficient on a practical level to 
provide satisfactory results, though t his may be hard to transfer 
to other workers or used in research. 
Males of gamitana are generally considered sufficiently ripe 
once it is poss i ble to extrude a small arnount of sperm by 
abdominal pressure. This indicates that spermiation has 
cornmenced. In sorne cases the males are used two times in a year 
with repeat hormone injection, depending on the maturity of the 
fish. Short-term preservation (24-36 hours) of gamitana sperm is 
being developed in Brazil, but good results have not yet been 
reported. 
Pond Fertilization 
One important aspect of gamitana culture is the rnanipulation 
of the pond in order to ~roduce plankton and to maintain good 
water quality. Fertilization prometes fish production by 
increasing the quantity of food organisms (Boyd 19 90 ). Once in 
solution, nutrients stimulate growth and reproduction of algae, 
which in turn, support populations of zooplankton that supply 
food to fry, fingerling and broodstock of gamitana. Turbid water 
or muddy ponds with light penetration less than 18 cm should not 
be fertilized, nor those having a high water exchange (more than 
50 Ljsecjha). The control of the water flow in ponds in Iquitos 
(Peru) , Manaos (Brazil) and rnany other tropical places is 
difficult because of the high precipitation. Another important 
factor in manipulation of fertilizer is the temperature. Water 
with low ternperature may not give good return for the arnount of 
fertilizer applied (Boyd 1990) . When the water ternperature is 
lower than 24 oc (i.e. CEPTA-Brazil in winter), it should not be 
fertilized. Water should be fertilized when transparency is over 
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18 cm, temperature between 26 a nd 30 oc, and when oxygen 
concentration is over 4 ppm. 
Calcium is the first chemical applied to nursery and rearing 
ponds, and it is essential for plants and animal growth. It has 
both direct (disinfection of the pond) and indirect (increase pH) 
effects. Water with hardness of more than 40 ppm (Tarapoto, Peru, 
northeastern Brazil), are more productive than those with less 
than 15 ppm (!quitos, Peru; Manaos, Brazil). They high production 
in northeastern Braz il, Venezuela, Colombia and Panama apparently 
is related to wat er with high calcium level. But in INPA, Brazil 
and !quitos, Peru, the waters have low productivity because of 
low calcium concentrations. In !quitos, Peru, the U$e of c alcium 
at the beginning of the culture period is necessary. The most 
frequently available calcium source in the 5 countries are 
calcium oxide (CaO: 7~% Ca) and ca lcium hydroxide (Ca(OH) 2 :54% 
Ca) ]. The calcium is initially applied as a desinfectant to 
prepare the ponds and to improve the water buffer capacity. Water 
with hardness · lower than 10 ppm, in Iquitos, Peru, after the 
application of 150-200 gjm 2 of CaO ·and organic fertilizer (150-
200 gjm 2 becomes much i mproved in its productivity. The following 
composition is reported by Boyd (1990) for the most common 
organic fertilizers used in these countries: 
Type o f manure 
Dairy cattle 
Pou1try 
Swine 
Moisture 
8 5 
72 
82 
Average 
Nitrogen 
0.5 
1.2 
0.5 
composition (%) 
Phosphorus Potassium 
(P205) (K20} 
0.2 0.5 
1.3 0.6 
0. 3 0.4 
Two inorganic fertilizers are somtimes used in all five 
countries: urea H2HCO_NH2 ( 4 6% ni trogen) and ammonium phosphate 
(NH4 ) 3P04 (48% of P20 5). 
Boyd (1990) explains that in nitrogen free water 0.13 to 1.3 ppm 
of nitrogen must be added to stimulate phytoplakton growth, and 
to sustain this growth about one part per million must be applied 
at weekly intervals. This represents about 8 kg of nitrogen per 
surfac e hectare. However, he adds that because nitrogen can enter 
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the pond system from the atmosphere it is not always necessary 
to add more. Phosphorus cannot exist alone except under very 
specialized conditions. It is the rnost essential single elernent 
in pond fertilizat i on and the first single elernent in pond 
fertilization and the first single element to become limiting for 
phytoplankton growth (Boyd 1990). However, there are no studies 
in gamitana culture concerning the exact requirement of this or 
any other chemical element in pond management. Organic fertilizer 
is usually used in these countries, while urea and phosphate are 
used on only very f ew occasions. Plankton require 0.018 to 0.09 
ppm of phosphorus as a mínimum for growth _(Boyd 1990). 
Several workers have recornmended applications of about 1.0 pprn 
phosphorus pentoxide periodically during the production season. 
The majority of applied phosphorus eventually collects in the 
bottom rnud and rnost of it becomes unavailable to plankton. Boyds 
(1990) . recommends that 8 kg of phosphorus pentoxide per surface 
hectare is normal in pond fertilization . The phosphorus must be 
applied at the beginning or the ·middle of gamitana production . N~trition 
Gamitana h ave numerour gill rakers, an omnivorous-.type gut, and 
30-75 pyloric ducts whic increase the surface area of its midgut . 
Consequently, gamitana are capable of utilizing different food 
resources such as zooplankton , plants, and prepared food. 
The nutrient requirernents for gami tana larvae and the technique 
of rnass production of zooplankton need further study in arder to 
learn how to cotroll the cyclic nature of the plantan 
populations. Intensive rearing of the fry in floating net-nursery 
ponds, and the use of insecticides during the first two weeks of 
life allow for achievernent of reasonable survival rates. 
Several nutritional studies have been conducted in Latín 
America using gamitana in aquaculture. The different manage~ent 
systems invol ved cages, polycu l ture, integrated systems wi th 
swine and poultry, and use of different size ponds and different 
fish densities. Production levels up to 12,000 kgjhajyear have 
been obtained with gamitana associated with other fish such as 
Prochilodus sp., Oreochromis niloticus, Cyprinus carpio in 
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fertilized earthen ponds with low water inflows (4-8 Ljsecjha). 
Supplementary feeding with low- protein poultry feeds and local 
by-products such as rice bran and wheat bran have been 
successfully used. 
Although fish farmers have already started to culture gamitana 
on a commercial basis, most of . the nutritional research related 
to fry, fingerling, and juvenile to marketable size fish still 
remain to be done (Castagnolli 1991). 
Macedo et al. (1981) cited by Ca stagnolli (1991), found that 22% 
crude protein wa s adequate in the . early fingerling stage (5-30 
g) and 18% crude protein was adequate for the juvenile stage. 
Carneiro (1978) cited by Castagnolli (1991 ) , found that protein 
digestibilities for ~amitana fed diet~ containing 14, 18, 22 and 
26% crude protein were 67.7, 85.9, 81 . 7 and 74. 9% , respectively. · 
Temperature has a marked influence in fish growth, feed 
conversion, and protein digestibility, with the better 
performance being at the higher temperature (Castagnolli 1991) . 
The best results in gamitana culture have been obtained in ponds 
with water temperatures _between 46-30 oc. 
Intensive gamitana culture, with high density and h igh food 
quality, has been developed in cage culture (Darmont and Salaya 
1984¡ Nino and Salaya 1984) and in concrete tanks (Tables 29). 
Diets designed for other animals have been used in its culture, 
including chicken food, swine food, and trout food. 
These diets have been used because of the lack of knowledge of 
the nutrient requirernents for gamitana. Gamitana tank culture 
with low percent protein from low-quality vegetable protein 
(kudzu and cetico) results in very low production in relation to 
diets with higher leves of animal protein (e .g., fish meal). 
In semi-intensive culture with gamitana, supplementary feeding 
has included agricultural products (corn, manioc) and by-products 
(rice bran, wheat bran, rotten fruit). In sorne countries animal 
feces are used directly or indirectly (pig and duck culture 
associated with gamitana or chicken manure which is added to the 
pond as fertilizer) . There is no information available describing 
if the fish d i rectly feed on manure or solely on natural food org~nisms that increase with fertility . Nevertheless, there is 
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information indicating that very good results can be obtained 
with this system. Production levels up to 2,500 kgjhajyear have 
been reported in this system without supplemental prepared food. 
The ration given to gamitana is between 2 and 5% of wet body 
weight (higher when they are smaller). However, in Pirassununga, 
Brazil and in Peru when the temperature drops to 23-24 oc (June) 
the ration is reduced to 1%. 
Otherwise, the ration during the first three months is between 
4 and 5%, but then it is reduced to 2-3% for final grow-out. 
Smith (1980) explains that small fish produce more heat per unit 
weight than do larger fish, so samll fish should be fed a higher 
percentage of body weight than larger fish. For example, he found 
that 1-4 g rainbow trout have a metabolic rate proportional to 
W1 (power of body weight) and f ish from 4. 0-5. O g ha ve a 
metabolic rate proportional to W 0 ~. The other reason for using 
an adequate ration is that efficiency of ene~gy utilization at 
a high feeding rate is off7set by lower efficiency of digestion. 
Eckman (1984) reported that the maximum growth rate of 5.5-g 
gamitana is 1.6%/day with a ration of 12.4% while 2.0~g gamitanas 
can grow 3 . 1%/day· with a ration of 20.4 %. This wxperiment was 
conducted in aquaria, so this ··ration must be signif icantly 
reduced in ponds, where natural food production is higher. 
Fish will consume the amount of food required to satisfy their 
energy requirement ( Cho et al. 1985) . As a resul t, the feed 
intake of fish is inversely related to the energy level of the 
food . At the highest level .of energy concentration of food, the 
fish will consume less (Castagnolli l991). 
With respect to digestible energy, the protein energy is the 
most expensive while carbohydrates are the cheapest. The 
obj ecti ve should therefore be to provide carbohydrates for energy 
needs while sparing proteins and essential fatty acids for tissue 
development. A diet deficient in energy but 11 adequate" in protein 
will force the fish to use more dietary protein in arder to 
merely satisfy basic energy needs. On the other hand, if the fish 
are fed diets exceedingly rich in energy ( i. e. high 
carbohydrates) , they will accumulate this energy as fat, so less 
protein tissue will appea.r in the final carcass. Accordingly, the 
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protein should be kept to a minimum 1 consistent with good g r owth 
and a cheaper diet 1 and carbohydrates and fats should be used to 
supply most of the energy (Smith 1980). 
The only country that has suggested a complete formula for 
gamitana is Brazil (Table 30 - 31 ; DNOCS and CEPTA). They also 
recommend sorne nutri tional parameters for gami tana 1 such as amino 
acids, vitamins 1 and minerals. The formula is very clase to that 
used for poultry in Peru and Brazil. 
These diets have frequently been used in these countries for fish 
culture and have yielded good results. DNOCS suggest that 
gamitana initially be fed a diet of 35% protein content which can 
be reduced to 22% as the fish reach harvestable size. The same 
percent of protein in the diets from stocked fingerling to 
harvestable size fish is often used at other stations. However, 
numerous studies have shown that the gross prote i n requirements 
are at their highest for fry and that they decrease as fish size 
increases (Halver 1980) 
The relationship of digestible energy (DE) a s a function of 
dietary protein (p) level has been studied for sorne fish. 
Stickney et al. (1984) reported the "optimal" range of DE/p for 
channel catfish (Ictalurus punctatus) as being between 7 .8 and 
9. 7 adn for common carp as 8 . 3. The "ideal " protein: energy ration 
has not yet been tested for gami tana 1 al though considerable 
attention has been focused on the protein requirement. However, 
based on results of experiments used in the five countries a 
range between 7 .6 3 and 8.33 is suggested which should be adequate 
for gamitana growth . This range is clase to the rang e proposed 
by DNOCS (7 kcaljg). Stickney and Lovell (1977 ) cited by Stickney 
et al. (198 4 ), tentatively suggested a DE requirement of 8 to 9 
Kcaljg of protein for channel catfish fingerling and production 
diets for maximum growth. 
The requirements for essential amino acids have not been 
determined for gamitana. In fact 1 most gamitana nutritional 
studies appear to not have taken into consideration the need for 
a balance of amino acids. The 10 essential amino acids cannot be 
synthesized within the fishes are conducted for gamitana, the 
nutritional balance of a diet c a n be e s timated by comparing its 
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amino acid profile with a diet used in chicken food or another 
warmwater fish such as channel catfish. Alternatively~ the 
relative essential amino acids in fish muscle can be expressed 
as a chemical score wi th 100% being the "ideal" standard, and 
fish muscle can be used as a guide for gamitana assuming that the 
protein found in fish does not change much from one species to 
another (Cho et al. 1985). 
Sorne experiments have been conducted in Latin America with 
gamitana using diets with combined animal and plant protein. The 
animal protein is more expensive, but has an amino acid profile 
more similar to the· tissue of the fish than does plant protein. 
A combination of various feed ingredients that come from both 
animal and plant ingrediets are used to compensate for the lack 
of a specific essential amino acid in any one ingredient. The use 
of crystalline amino acids has apparently not been tested in 
gamitana nutritional studies. The percent of each ingredient that 
was used in the diet and the composition of the amino acids was 
not reported in sorne of the reviewed literature. However, the 
general nutritional requirements of gamitana can be estimated 
through use of tables of proximate composition to analyze 
information available on several diets used in various 
experiments. 
In relation to the quality of protein, most animals, including 
fish, require the same 10 essential amino acids. Those are, ~rginine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine; threonine, tryptophan and valine (Stickney et al. 
1984) . Salmonids and channel catfish f ed diets devoid of these 
amino acids failed to grow and all fish rapidly recovered when 
the missing amino acids were replaced in the diet (Halver 1980). 
The real differences exit between fish species in their 
requirement for certain amino acids. This leads to difficulties 
in formulating the protein component of practical diets. The 
formulation of the amino acid composition in the diet must be 
based on international available tables. (NRC, U.S.A.) . 
. Protein sauces that are available all year at a reasonably low 
cost and with known chemical composition are sugested for use in 
gamitana culture; these are: fish meal, corn bran, rice bran and 
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wheat bran. The combination of these ingredients can produce a 
balanced diet. However, during the feed preparation process some 
of the amino acids (i.e. phenylalanine, methionine) could become 
unavailable. For this reason it is suggested that after the 
formulation of the diet, a chemical analysis of the diet must be 
done to test adequacy. In the formulation of the diet it must be 
considered that phenylalanine and methionine are spared by 
tyrosine and cystine, respectively. The percent of ingredients 
suggested in Table 32-33 results in diets with quantitative 
chemical composition close to that recommended by DNOCS (Brazil), 
which is similar to that used for chicken. 
Fish have the unique capability of readily metabolizing body 
fat, as ~ result, they can exist for long periods of time under 
conditions of food deprivation (Ulrich Saint-Paul 1985). Fat in 
fish consists_ of numerous unsaturated double bonds in the fatty 
acids structures. Differences exist in the requirements of W3 or 
W6 fatty acids based on species, age, sea son, salinity, . and 
temperature. For example, rainbow trout have a n essential fatty 
acid (EFA) requirement of the w3 series rather than for linolenic 
or w6 , which is required by most mammals (Halver 1980). Fish, in 
general, contain more w3 than w6 polyunsaturated fatty acids 
(PUFA) , and should have a higher dietary r equirement for ~ PUFA 
(Halver 1980). The w3 requirement would be greater for fish 
raised at lower temperature than for fish raised at warmwater 
temperatures; the latter group may do better with a mixture of 
w6 and ~ fatty acids (Stickney et al. 1984). Gamitana in a 
natural environment must hav e a high availability of w6 during 
the high water p e riod because of the abundance of fruits with 
high fat concentration (i.e. palm fruits) and wild rice which is 
also rich in this element. However, when waters are at their 
lowest levels gamitana must obtain high concentrations of w3 from 
rotifers, cladocerans and copepods which are also rich in these 
elements (Watanana b e et al. 1983). 
Ingredients rich i~ lipids are often used for gamitana, but 
purified vegetable and fish oils are not used because of their 
high costs. Recent studies in ·CEPTA (Brazil) comparing fatty acid 
profiles from pacu eggs have shown significantl y higher levels 
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of w3 fatty acids in the eggs of wild fish compared with cultured 
fish which were fed diets deficient in these fatty acids. 
Gamitana likely require long-chained fatty acids in the w6 and 
especially the w3 series which have been shown to be essential 
for soma tic and reproducti ve tissue development, as well as 
general metabolic activity in other species of fish such as trout 
and carp (Watanabe et al. 1983) . Oil levels already present in 
the fish meal or in the plant ingredients must be taken into 
consideration in determining the amount of oil which is needed 
in the final diet. The dietary levels of w3 have effects in egg 
hatchability of common carp; egg hatchability in common carp fed 
several different formulated diets is greatly reduced when 22:6w3 
lipids in the egg's lipids is less than 10% (Shemmna et al. 1977, 
cited by Stickney et al . 1 98 4). In general, the principal signs 
of EFA cteficiency are reduced growth rate, reduced feeding 
efficiency, and in sorne cases, increased mortality. The 
proportion of w6:w3 required in the d iet for gamitana is not yet 
defined. In common carp, the best weight gain and feed conversion 
is obtained in fish receiv ing a diet containing both .1 % of -18:2w6 
and 1% of 18:3W3 . 
In the diet that will be suggested here, both of the above 
fatty acids are considered essentia l. The ingredients selected 
have high w6 (soybean meal, corn and wheat) and w3 (fish meal) 
content and should meet the requirements of gamitana. Research 
on lipid requirements for gamitana is urgently needed. 
Gamitana have advantages over many fish species because they 
are frugivorous in the wild and can use carbohydrates as energy 
(Goulding 1982; Ulrich Saint-Paul 1986a). The optimal 
lipid:carbohydrate ratio has also not been determined for 
gami tana. Gami tana may ha ve enzyme systems to breakdown and 
absorb uncooked stach (corn, manioc) in its diet. 
Information exists regarding ingrediets available for diets of 
tropical fish {Campos and Tacon 1988). digestibility levels for 
these ingrediets are rarely reported in Latin Amer ica. Only 
Gutierrez et al. (18 8) and Eckman (1984) have reported 
digestibility of certain ingredients. Digestibility will vary 
depending upon the type of ingredient -used (Cho et al. 1985), 
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processing procedures previously ernployed, and how the diet is 
finally prepared. Inexpensive plant products such as rneal frorn 
cecropia and kudzu leaves ., and by-products which are highly 
indigestible, rnay be less valuable econornically as feed than 
other, more expensi ve cornmercially valuable plant products or by-
products which are more efficiently broken down and absorbed for 
conversion into fish tissues. 
The ingredients most often used in Latin America are: fish 
meal, blood meal, soybean meal , yellow corn, rice bran, wheat 
brart, Manihot sculenta cotton seed meal, and chiken food (16-19% 
protein) (Campos and Tacon 1988; Table 32). Fish meal (anchoveta: ~ ringens) , soybean meal, yellow corn, rice bran and wheat bran 
are suggested here because they are available in all five 
countries throughout the year and at stable prices. In addition, 
suitable information exists on the chemical composition and 
nutritive value of these ingredients. Gutierrez et al. (1988) 
(IVITA-IIAP-Peru), working with gamitana wighting 200 ± 20 g, 
tested the digestibili ty of protein, carbohydrates, fat and 
energy in corn, rice bran and fish meal. Their findings on 
digestibility are as follows: 
Ingredient Protein(%) Carbohydrates( %) Fat(%) Energy(%) 
Corn 59.75 62 . 2 75.5 28.5 
Rice bran 72.10 60.2 95.3 57.0 
Fish me al 88 . 6 96.8 84.4 . 
They explain that gamitana use protein as a source of energy 
with high efficiency, and for gamitana i t is more efficient to 
digest protein and fat from rice bran and fish meal than frorn 
corn. 
Of the enrgy feeds of the low fiber group yellow corn (Zea 
rnaiz) is the key feed in 1 i vestock diets. It is the lowest 
ingredient in crude protein concentrations (8%}, but the highest 
in caloric content (Table 32}. Corn is produced in the tropical 
regions of all five countries where garnitana is raised. 
When corn is added to an otherwise balanced diet, it will lower 
the protein, calcium, phosphorus, manganese, and niacin content. 
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Gamitana in Iquitos, Peru (Tab le 20) performed poorly on a corn 
diet. Another important characteristic of corn in that its fat 
content apparently gives better palatability to food (Harris 
1980) . Cooking corn produces starch that aids in the stability 
of pellets and improved digestibility. 
Wheat bran is the coarse outer covering of the wheat. This 
ingredient is abundant as a by-product of the production of wheat 
meal in all the countries of Latin America. Ist light bulky 
nature, its 15.2% high qualit~ protein, and its high phosphorus 
content, makes wheat bran highly suitable for fish culture. The 
bulky nature of wheat bran is advantageous in that it lightens 
pellets when it is combined with corn. It is especially useful 
in the preparation of non-fattening diets. 
Rice bran is also an abundant by-products in all five 
countries. It is the outer portian of the rice kernel produced 
by the process used in producing polished wh~te rice. It has 
13.7% protein (with a high level of histidine:2.23%), high ieve l 
of manganese (376 mgjkg of dry diet) 1 and high level of choline 
(1 1 230 mgjkg). As with wheat bran 1 rice bran has a high fiber 
level -( 11 .6%) which enhances the floatibility of pellets when it 
is rnixed with corn and fish meal. 
Soybean meal (Glycine maxima) is produced in all tropical 
regions of the five countries. It is also imported from Canada 
and U.S.A. and is available in the local markets in Latin 
America. Because of its high nutritive value, this feed has now 
replaced mos t of the meat meal tankage and fish meal which were 
in the past the mainstay of protein quality in diets for non-
herbivorous animals (Harris 1980). It has a high concentration 
of lysine (2.79%), the amino acid that is ordinarily the first 
to be deficient in the energy feeds (Table 31). Its particular 
amino acid composition makes the formulatio of diets with the 
other plant ingredients possible without relying heavily on fish 
meal . 
Fish meal (from anchoveta: ~ ringens) 1 is one of the cheapest 
animal proteins used in all the countries in South America in the 
feeding of different animals. This product is used .to improve the 
total protein quality and balance of the amino acid composition 
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of the diet. This ingredient c ontributes a mixture of amino acids 
quite different from that of most plant sources. Fish meal is 
rich in lysine (5.04%) and isoleucine. combining this ingredient 
with the others results in a higher effective biological value 
than if plant proteins were used alone (Harris 1980). 
As a group, the diet formulated wi th these ingredients are 
deficient in the sulphur-containing amino acids, cystine and 
methionine. Methionine can be converted into cystine by f ish 
(although the reverse is notu true). So the test of the diet 
suggested here must be developed with a parallel test using a 
diet that includes pure methionine which is economically 
available as a feed supplement (Harris 1980). 
In pond culture, natural food is often present which contains 
vitamins, whreas in intensive culture or tank culture antural 
food is limited. In arder to increase the vitamins that normally 
are lost during processing, it is suggeste~ that 1.0% of ~remix 
(vitamins and minerals Table 34) be used. To aid in preserving 
the food longer, salt (NaCI) should be added at 1%. 
In arder to accuarately determine the metabolic use of feed 
ingredients in g~mitana diets, full descriptions of all 
ingredients used· in preparing diets, feeding techriiques, and 
balanced experimental desings . incorporating sui table dietary 
control (such as standard diet) are necessary (Castagnolli 1989) . 
Experimental designs wi thin the rearing systems must allow 
statistical analysis in arder to account for or eliminate other 
variables which will affect the growth performance of gamitana, 
i.e. soil fertility on the pond bottom, precipitation, water 
flows, temperature, etc. 
Two diets (Tables 33-34) which include the common ingredients 
previouly described are suggested as follows: 
Ingredient 
Fish meal 
Soybean meal 
Corn meal 
Rice bran 
Wheat bran 
Premix (Vit. + Min.) 
Salt NaCl 
Protein 
Fingerling (2 months ) 
(%) 
20 
20 
30 
15 
12 
1 
1 
32 
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Juvenile (10 months) 
(%) 
10 
15 
40 
20 
13 
1 
1 
25 
The size of the pellets should be 2-3 mm in diameter for the 
first 4 months and 4-5 mm in diameter for the last 8 months of 
culture. The ration should be 5% of the wet body weight per day 
during the first 4 months, and then should be reduced to 3% of 
the wet body .weight for the final 8 months. 
Recommendation for gamitana culture 
After reviewing all of the literature on gamitana I have 
developed a generalized culture protocol. This protocol is likely 
to be changed as more studies are completed. 
Proper care of domestic broodstock is very important for 
assuring good production of eggs and young. The culturist must 
provide condi tions as optimum as possible for such factors as 
pond management, water quality and food supply. 
Ideally the ha~chery should be located in a place where the 
mean annual temperature is 28°C (26-28°C), and the water has the 
following characteristics: pH = 6.5-8.0¡ oxygen concentration = 
5-9 ppm; and hardness = 20-80 ppm. 
Chemical and physical manipulation are required if the parameters · 
are out of these ranges. 
The broodstock should be reared in 1,000 to 1,500-m2 earthen 
ponds with 1-1.5 m depth. Dependable spawning cannot be obtained 
until female fish are at least 4 years old and males 3 years old 
when both sexes have achieved a total average weight of 3 to 5 
kg. Brood gamitana should only be used 3 or 4 years, and should 
weigh 6-8 kg at the end of this time. The density in the pond 
used for rearing brood gamitana should not exceed 100 to 150 g¡m2 
with a water flow of 8 Lfsecjha. Spawning success and the quality 
of eggs and fry area improved if the productivity of the pond is 
high. Broodstock are stocked in previously fertilized ponds with 
CaO (200 gjm2/l time) and organic fertilizer (swine manure:2,000 
kgjhajyear or chicken manure: 1,350 kgjhajyear). The addition of 
30 kgjha of P205 at the beginning of the culture period appears 
to improve pond producti vi ty. P 20 5 has been used in very few cases 
in garnitana culture and needs to be further evaluated. Control 
of the-transparence of the pond is necessary in arder to rnaintain 
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it between 18 and 30 cm, and the oxygen concentration must also 
be maintained over 4 ppm. 
Feeding schedules should reflect the nutritional status of the 
fish and be tailored to their respective life histories. Gamitana 
reared under poor water guality conditions, with low rations, 
poor quality food, and water of low temperatura, produce fewer 
eggs and lower quality spawn or do not reproduce at all. 
The amount of food provided to gamitanas depends on the water 
temperatura and size of the brood gamitana. Above 26°C the ration 
administered should be 2.5% of the wet body weight per day, but · 
when temperatura drops to 24°C or lower the ration should be 
reduced to 1-1.5%. 
Normally the ration should be 2.5% of wet body weight until the 
spawning month and thereafter reduced to 2%. The brobdstock 
should be fed with a diet containing 28% protein for 8 months 
post-spawning. The following ingredients which are common to all 
the five countries are sug9ested for this period: fish meal (10%), 
soybean meal (40%), wheat bran {25%) and corn meal (25%). A diet 
with 31% protein suggested in the Table 33-34 should be supplied 
to the gamitana two months before and two months after spawning. 
Differentiation between male and female gamitana prior to 
maturity is a problem. However, just prior to spawning, females 
and males can be differentiated by their external 
characteristics. ·The female has a bulky and soft abdomen; 
swollen, protruding and reddish genital papillae; and the male 
ejaculates white, dense and abundant sement as pressure is 
applied to the abdomen. This is the best way to select mature 
brood gamitana without excessive manipulation. Before first 
spawning, culturists should separate the males from the females. 
Stocks can be distinguished by p).acing bands with different 
colors around the caudal peduncle. 
The improvement of gamitana broodstock can be developed with 
selective breeding (the choosing of individuals of a single 
strain) or crossbreeding (the mating of unrelated strains of the 
same species) to avoid inbreeding. The hybridization of gamitana 
with paco or pacu must be developed under .government control 
until this technology is available withbut any risk of genetic 
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pollution. 
If the selective breeding method is used in manipulation of 
broodstock, this should include the selection of priority 
characteristics in gamitana such as improved growth, feed 
conversion, period and times of spawning, and post-larval 
survival rates. However, with this method problems can arise 
after only one generation of brother-sister mating. To avoid 
inbreeding, managers should select their broodstock from large, 
randomly mated populations. If inbreeding is avoided, selective 
breeding is an effective way to improve a strain of fish (Piper 
et al. 1987). The addition of wild gamit~na from the Amazon Basin 
will improve the genetic diversity of the stock and therefore 
avoid inbreeding . 
In gamitana the spawning is artificial and entails manually 
extracting sexual products from tne fish. Spawning is induced by 
hormone injection~ The gamitana must be fairly clase to spawning 
as the hormone generally brings about the early release of mature 
sex products rather than the promotion of their development. 
The induction method most often used is ~njection of carp 
pituitary extract (CPE). If one uses homoplastic (gamitana) or 
héteroplastic (Prochilodus) hyphophysis from the wild, one should sel~ct those that were collected one month befare the beginning 
of the spawning time in the wild or in ponds. The use of LHRHa 
can be used if it is available and can be supplemented with 
Domperidone. The doses for LHRHa should b e 5-10 ugjkg body weight 
for the female and 3-5 ugjkg for the male in only one dose. It 
is best to use no more than two doses. carp pituitary is finely 
ground, suspended in the serum, and injec~ed intraperitoneally. 
The first dose should be 0.5 mgjkg of body weight of the female 
in 0.5 ml of physiological saline. The second dose consists of 
injecting 5 mgjkgjbody wieght after ~n interval of 14 hours. The 
male will receive only a single dose of 1-1.5 mgjkg body weight 
, at the same time that the female receives the second dose. With 
these conditions the ovulation an spawning should occur at 240 
degree-hours from the last injection. The duration of this proces 
depends of the temperature, stage of maturity, and on other 
uncontrolled factors (such as quality of the hormone used) by the 
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researchers. 
The best way to control the spawning time is by observing the 
broodstock after 200 degree-houts from the last injection. The 
female is ready to spawn when she starts to follow the male and 
rapidly moves her dorsal and caudal fins. During this time she 
releases sorne eggs (20-50) in the tank. For females that are 
spawning for the first time, it i~ better to wait 10 minutes to 
permit the l iberation of more eggs befare stripping. 
The use of anaesthetics (20 ppm Quinaldine) is recommended by 
most researchers, ho weve r~ gamitana is an easy fish to manipulate 
and can be stripped without ·any anaesthetic. During stripping, 
the gamitana is held with its belly downward over a platic pan, 
and its eggs are forced out by a massaging movement beginning 
forward of the belly and working backwards toward it. If either 
eggs or milt do n ot flow freely the fish is not sufficie~tly ripe 
and should not be used. Many gamitana have been killed because 
of the use of unripe females. The fertilizatin of the eggs is 
accomplished using the dry method. 
Water is not introduced befare the eggs are in th~ p~n, and all 
equipment should be kept as dry as possible. Egg fertilization 
is accomplished in the following manner:firts the milt is added 
to the eggs (1 ml sperm/100 g of eggs) and mixed with a feather 
for 25 sec; 30 ml of water/200 g of eggs is then added to the 
pan; the gametes are · continuosly mixed with the feather for . 
another 50 sec; 50 ml of additional water/200 g ·eggs is added; 
and finally after another 30 sec 200 ·ml water/200 g eggs is 
added. The duration of all these steps must not be longer than 
3 minutes. Basically, the hydrated eggs are placed in a 50-L 
incubator (Woynarovich, Figures 6-8) at a density of 1.66 g/L 
(70-90 gjincubator). The majar factors that affect the eggs in 
this step are water flow, light intensity, temperature and oxygen 
concentration.The inflow of water at the beginning of incubation 
must be equivalent to 0.8-1.0 L/min, and after five hours should 
increase to 3-4 L/min.The culturist must protect the ·eggs from 
direct light ( from cool fluorescent tube or from the sun)·, 
maintain the temperature between 26 to 29°C, and the oxygen 
concentration between 5 to 8 mgjL. It is important to observe the 
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stage of development of the larvae after 5 hours of incubation 
in order to know the rate of larval development. 
For control of the incubation period, the hour temperture unit 
which is equal to N° oc x N° day (degree-hour) can be used. In 
this way with . temperatures around 29°C, hatching starts after 12 
hours of incubation. The larvae can stay in the incubators for 
4 or 5 days after hatching until they have absorbed their yolk 
sacs and start to accept iive or prepared food . However, the best 
system is the use of an incubator of 200 L volume where the 
larvae are stocked for 5-10 days after hatching. Five days after 
hatching the larvae are reay to be stocked in nursery ponds 
previously prepared with cao (100-150 gjm 2 ) and chicken manure 
(200 gjm 2 ). Befare the larvae are stocke in pnds, one should 
filter lOO L of water from the nursery pond with a 60 -um mesh 
net; then add formalin to this sampl~, and if the sedimented 
zooplankton is equal to 2-3 ml the pond is ready to be stocked. 
The pond should be fertilized the same day of spawning. It is 
also necessary to control zooplankton production and predators 
in the pond. One . day after fertilization and close to the 
hatching hour, the pond ls treated with 1 ppm of Dipterex to kill 
copepods and Ostracoda. 
Tnis will permit the development of a high population of 
rotifers. When the water temperature is 28 to 29°C Dipterex is 
effective for 5 days. Gamitana is vulnerabl~ to Dipterex and are 
killed at this concentration; therefore the schedule must be 
exactly adhered to. Gamitana larvae should never be introduced 
befare 5 days has elapsed from Dipterex application. If these are 
limitations for use of Dipterex in sorne regions it is possible 
to use clothed nets (hapas) installed in the ponds; in these nets 
the post-larvae are stocked at a density of 10-18/L for 5 days. 
During this period they should be fed with miroencapsulated 
chicken eggs (1 egg/100 ,000 larvae), andjor Artemia nauplii. 
However, this method yields higher mortality of gamitana larvae 
than the method using Dipterex. 
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In arder to control odonates, it is neccesary to apply Folidol 
E (0.4 ppm) one week after stocking the larvae. Befare large-
scale control measures are put into ~ffect, it is neccesary t o 
experiment on a small scale with this chemical to determine the 
oncentration most satisfactory at each particular location since 
local characteristics of the water may influence the response. 
The larvae are stocked at a density of 100-150/m2 and are 
expected to survive at a rate of 30-70% after 30 days. During the 
first 10 days a diet with (40-50%) protein is offered: fish meal 
(50%), soybean meal (25%), yeast (20%), 3% milk powder and 2% 
vitamins and minerals. For the next 20 days the larvae should be 
fed a diet with 32% protein (Tables 34-35). The larvae are fed 
an equivalent of 0~4, 1.2, 3 and kg feed/100,000 larvaejday for 
the first through fourth week, respectivelly. The size of the 
food during the 5 .days after sotcking must be less than 0.20 mm 
(dust), then between days 6 . and 14 the food must have a diameter 
of 0.30-0 . 42 mm, and after 15 days _of stocking the size must be 
between 0 . 42 to 0.50 mm, and finally after 25 days the fish can 
be fed particles from 1.41-2 . 0 mm. After 30 days ·the gamitana 
have a total length between 2.3 cm and are ready to be stocked 
in production ponds. 
Thé ponds used for fish production are prepared inthe same 
manner as those for broo"dstock and larvae production. In 
monoculture the fingerlings (2-3 cm TL) should be stocked at a 
density of 1 fishjm 2 • In polyculture the density shoul be 0.7 
gamitanas + 0.3 Prochilodusjm 2 (combined stock: 1 fish¡mz). 
The duration of the culture is 1 year. After that period the 
gamitana should have a weight which is acceptable in the market 
(0.8 - 1.2kg) . 
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CONCLUSIONS 
The information provided in this document regarding the 
aquaculture of gamitana should be helpful as a practical guide 
to the researchers and aquaculturists in Brazil, Venezuela, 
Colombia, Peru and Panama. Numerous studies on gamitana have been 
described and critically reviewed, including taxonomy, biology, 
broodstock management, reproduction, larval development 
nutrition, and food fish production. · The information is 
functional and the recommendations summarize the best technology 
that is currently available. 
Table l. Period of gamitana reproduction at various regions in 
Latín America. 
Region 
Brazil 
Northeast 
Goias 
Southeast 
Be turne 
Colombia 
Llanos 
Orientales 
Repelan 
Lorica 
Panama 
Divisa and 
Gua laca 
Peru · 
Iquitos 
Tara poto 
Pucallpa 
Venezuela 
La Salle 
Tucupita 
Period 
January -December 
December-February 
October-March 
All the year. 
March-August 
November-January 
August-December 
April-December 
May-July 
June-August 
October-Februrary 
October-December 
october-JO:nuary 
February-March 
May-August 
References: 2, 3, 4 , 5, 6, 7, 8, 9, 10 , 12, 20 , 21, 22, 23 ,25, 26, 32, 37, 
39, 40, 41, 42 , 44 , 55, 70 , 78, 81 , 8 1, 82, 83, 94, 95, 96, 99, 103, 109, 112, 
124, 130, 149, 150, 151, 
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Tables 2. Origin of gamitana broodstock used at various regios 
in Latin America. 
Region 
Erazil 
North 
Northeast 
Goias 
Matto Grosso 
Southeast 
Colombia 
Repelan 
Lorica 
Las Terrazas 
Las Erizas 
Panama* 
Divisa 
Gua laca 
Peru 
Iquitos 
J. Herrera 
Tara poto 
Pucallpa 
Venezuela 
Earquimetro 
Origin 
Amazon Easin 
DNOCS and born in the station 
DNOCS and born in the station 
CODEVASF 
DNOCS, 
Iquitos, 
born in 
(Peru) 
the station, 
Orinoco Easin, Terrazas 
Repelan 
Orinoco Easin and Eorn 
Terrazas" 
in 
and 
"Las 
orinoco Basin and born in "Las Erizas" 
Eorn in Divisa 
Divisa 
Guanapito(Venezuela) 
Amazon basin 
Amazon basin 
Amazon basin and Iquitos 
Amazon basin 
Apure, Orinoco and Portuguesa Rivers 
* From Panama to Mexico, Guatem~la, Honduras, Nicaragua, Costa Rica, 
Dominican, Republic, Jamaica and Cuba. 
References : 2, 3, 4, 5, 6, 8, 10, 11, 12, 16, 19, 20, 21, 22, 23, 24, 25, 26, 
28, 29, 32, 37, 40, 41, 53, 54, 61, 62, 69, 70, 71, 72, 74, 78, 79, 81, 82, 9~, 95, 96, 99 , 10;3, 104, 109 , 112, 115, 116, 117, 118, 124, 126, 127, 130, 
131, 132, 136, 143, 149, . 150, 151. 
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Table 3. Density of gamitana broods tock used at various 
regions in Latin America. 
Region 
Brazil 
North 
Northeast 
Goias 
Southeast 
South 
Colombia · 
Repelen .:l 
Lorica J : 
Unillanos.f 
Las Terrazas , 1 
las Erizas ./ 
Panama 
Divisa 
Gua laca 
Peru 
Iquitos 
Pucallpa 
Tara poto 
Venezuela 
Density (g/m 2 ) 
200 
50-288 
85-100 
200 
50-70 0 
250 
70-125 
200-400 
200-400 
200-400 
200-400 
170 
25 
60 
90-190 
50 
500 
700 
Observations 
Monoculture 
Monoculture 
Polyculture 
60 L/minjha 
Monoculture 
50% -70% of the biomass 
i n polyculture 
4 Ljsecjha 
Water 24 L/minjha 
Polyculture with carp 
Water renew 10- 20% /Week 
Water renew 10-2 0%/Week. 
15 Ljminjha 
30 Ljminj ha 
40 L/minjha 
20 Ljsecfha 
References: 2, 3, 4, 6 , 7, 8 , 10, 11 , 16, 19 , 21, 25, 27, 28, 29, 32, 37 , 
39,40, 53, 54, 55, 61, 69, 74, 78, 79, 81, 82, 88, 94, 95, 96, 99, 103, 104, 
109, 112, 116, 118, 124, 126, 127, 130, 136, 149, 151. 
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Table 4. Types of pelleted food fed to ga rnitana broodstock at 
various regions in Latin Arnerica. 
Region 
Brazil 
North 
Northeast 
Goias 
South East 
South 
Colombia 
CIMPIC 
Lorica 
Repelon 
AIPE 
Unillanos 
Las Erizas 
Las Terrazas 
Panarna 
Divisa and 
Gua laca 
Peru 
Iquitos and 
Tara poto 
Pucallpa 
Venezuela 
UCLA 
Prote in 
(%) 
30 
18-25 
22 
25 
16-39 
28 
35 
25-35 
35 
25 
23-24 
24 
25 
35 
35 
30 
39 
Ration 
(%} 
2.0-5.0 
1.5-4.0 
2.0 
1.0 
l. 0-1.5 
l. 5-5. o 
3.0 
1.0-2.0 
1.0-3 . 0 
3. o 
2.0 
l. 0-2. o 
1.0-3.0 
2.0-3.0 
3.0-5.0 
3.0-5.0 
4.0 
Fertiliza'cion 
Manure:250-800 
Kgfhajrnonth 
1 pigj500ro2 
3,000 Kgfhajyr 
Swine rnanure 
Urea: 150 Kgjha 
Chicken Manure: 
1500 Kgfhajyr 
References: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12; 16, 19, 21, 25, 28, 29, 32, 
37, 39, 40, 47, 48, 55, 53, 54, 78, 79, 81, 88, 95·, 103, 104, 109, 112, 116_, 
118, 124, 126, 127' 13(:), 136, 149, 150, 151. 
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Table 5. Age in years at first sexual maturity of gamitana at 
various regions in Latin America. 
Region First Sexual maturity 
Mal e Female 
Age Weight Age Weight 
{yr) {kg) {yr) {kg) 
Brazil 
Norteast 3.0 4 . 0 4.0 5.5 
Goias 3 . 0 3.8 4 . 0 6 . 0 
Colombia 
Repelan 3.5 4.0 3 . 5. 3-6 
Panama 
Divisa 5.0 4.5 5.0 5.0 
Gua laca 3.0 5.0 3 . 0 5 . 0 
Peru 
I quitos 3.5 4.0 4 . 0 5 . 0 
Tara poto 5.0 5.5 5 . 0 6.0 
Venezuela 4 . 0 5 . 5 4.0 5 . 0 
Rereferences: 3, 4 , 6 , 7, 10, 11, 16, 19 , 20, 21, 22, 23, 26, 32, 37, 40, 41, 
44 , 53, 54, 62, 69, 78, 81, 82, 83, 88, 94, 95, 95, 99, 103, 104 , 109, 112, 
124, 127 , _130, 132, 136 , 149 , 150, 151. 
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Table 6. Hermane treatments used to induce gamitana females to ovulate at 
various regions in Latin America. 
Region 
Brazil 
North 
Goias 
Northeast 
Mato Crosso 
Southea·st 
Colombia 
Cardaba 
Repelan 
Llanos 
Pan ama 
Divisa 
Gualaca 
Peru 
Iquitos 
Tara poto 
Venezuela 
UCLA 
FONAIAP 
Hermane 
Ch,Ph,Clh 
Ph 
Ch,Ph,Clh 
Ph 
Ph 
LHRH 
HCG,CH 
Ch 
Ch 
LHRHa 
Ch 
Ch 
Ch 
LHRHa 
LHRHa 
Ch 
Ah 
LhRha 
HGC 
Ch 
Ch 
Ph 
Milh 
Prh 
LHRH-A 
HCG 
Total 
dos e 
5.0 mg/Kg 
5.5 mg/Kg 
5- 7 mg/Kg 
5.0 mg/Kg 
5.5 mg/Kg 
5.0 ug jkg 
5 . 5 mg/Kg 
5.5 mg/Kg 
5.0 ug/kg 
5.5 mg/kg 
5.5-7 mg/Kg 
5.5-7 mg/Kg 
2.5-3 ug/Kg 
2.5-3 ug/Kg 
3.5-5 mg/Kg 
·5.0-10 ug/Kg 
3.0 Uifg 
3.0 mgjkg 
3.6 mgjkg 
0.5 ug/kg 
3 UI/g 
% doses 
(Interval-h) 
10% 90% 
(7-20 h) 
9% 91% 
10% 
10% 90% 
(14-22 h) 
100% 
9% 91% 
{14-15 h) 
9% 91% 
(12-14 h) 
20% 80% 
9% 91% 
(12-18 h) 
5 doses 
5 doses 
100% 
100% 
10% 
S doses 
100% 
5 doses 
90% 
ResJ?Onse 
(Degree 
Hours) 
260 
90% 
200-225 
230-280 
260-310 
150-200 
230-310 
260-450 
280-320 
250 
6-10 h 
12 h 
12 h 
*Ch: Carp Hyphophisis; Ph: Prochilodus cearaensis hyphophysis; Clh: Clarias 
lacera hyphophysis; Prh: Serrasalmus sp. hyphophysis; Mih: Milossoma sp. 
hyphophys is ; HCG: Human Chorionic Gon.adotrophin; Ah: Arapaima gj,_g-ª..§. 
hyphophysis . 
References: 3, 4, 6, 7, 8, 10, 11, 16, 19, 21, 22, 23, 24, 25, 26, 28, 29, 32, 
37 , 40, 41, 44, 54, 74, 78, 79, 81, 82, 83, 94 , 95, 96, 99 , 103, 104, 109, 
112, 124, 126, 130, 132, 143, 149, .. 150, 151. 
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Table 7. Hormone treatments used to inccrease semen volume in 
gamitana males at various regions in Latin America. 
Region 
Brazil 
Northeast 
Goias 
Mato Grosso 
CORDEVASF 
Colombia 
Cordova 
Llanos 
San Carlos 
Panama 
Divisa 
Gua laca 
Peru 
Venezuela 
Hormone 
Ch,Ph,Clh 
Ph 
Ph 
LHRHa 
Ch 
Ch 
Ch 
LHRHa 
LhRAa 
Ch 
Ah 
Ch 
Dos e 
2.0-3.0 mgfkg 
2.5 mgfkg 
l. 0-2. o mgjkg 
3-5 ugjkg 
2. 0-2.2 mgjkg 
2.5 mgjkg 
0.5-1.0 mgjkg 
2.0 ugjkg 
2.0 ugfkg 
2.0-3.0 mgjkg 
2.0 mgjkg 
In most cases the male receives only one or two final doses. 
Ch: Carp hyphophysis; Ph: Prochilodus cearensis hyphophysis; Clh: 
Clarias lacera hyphophysis; Ah: Arapaima gigas hyphophysis. 
References: 3, 4, 7, 10, 11, 19 , 21, 22 , 23, 24, 25, 26, 28, 29, 
32, 37, 40, 41, 44, 54, 74, 78, 79, 81 , 82, 83, 94 , 95, 96, 99, 
103, 104, 109, 112, 124, 126, 130, 1 32, 143, 149, 150, 151. 
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Table 8. Doses of different hormonal products applied to female 
gamitanas in Repelan, Colombia. 
Hours 
o 
15 
24 
30 
36 
42 
48 
54 
60 
Gh 
1 
25 
25 
25 
100 
200 
HORMONE 
HCG 
2 
0.2 
0.2 
0.2 
1.0 
2.0 
TYPE 
Ch 
3 
0.2 
0.2 
0.2 
1.0 
2.0 
LHRHa 
4 
1.0 
4.0 
1 % of the average weight of the gamitana hypophysis. 
2 Human Chorionic Gonadotrophin in IU/g of wet body weight . 
3 Carp hyphophysis is mgjkg of wet body weight. 
4 Luteni~in, Hormone- Releasing Hormone analogue in ugjkg of 
wet body weight. 
Reference : Valencia and Puentes (1989) 
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Table 9. Extended spawning period in gamitana at Betume-Brazil, 
Nov. 1985-Feb. 1987, Using carp hyphophysis. 
Month Mean Female Temp. Surviving 
Weight Spawner g eggfkg oc fry 
(kg) (%) ( %) 
Jan 5.64 71.4 30 27-29 40.45 
Feb 6.0 83.3 122 29-31 42.18 
Mar 5.0 71.4 34 29-31 30.0 
Apr 5.5 85.7 54 27-32 32.67 
May 4.47 83.3 57 27-29 42.19 
Jun 4.08 66.7 70 25-28 65.49 
Aug 5.0 100.0 76 27-28 30.88 
Sep 4.67 100.0 75 26 19.05 
Oct 6.0 75.0 132 29 55.04 
Nov 4.14 71.4 115 27-29 67.83 
De e 4.38 50.0 119 27-29 30.84 
Grand mean 5 . 05 76.67 66 27-31 41.71 
Reference: Nunez and Pessoa (1989) 
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Table 10. Summarized information of induced reproduction of 
gamitana using LHRHa , Betume, Brazil (March 1987-May 
1988) . 
Month 
Mar 
Sep 
Oct 
oct 
De e 
Jan 
Jan 
Mar 
Apr 
May 
May 
May 
M ay 
Mean 
Mean 
Weihgt 
(kg) 
5.5 
6.25 
5.75 
5.25 
6.0 
6.0 
6.33 
6.0 
7.0 
6.0 
5.25 
6.0 
6.0 
5.90 
Spawner 
(%) 
lOO 
lOO 
lOO 
lOO 
lOO 
100 
lOO 
lOO 
lOO 
lOO 
75 
75 
83.3 
91.2 
Female 
g.egg(kg* 
113 
1 27 
90 
97 
168 
126 
133 
168 
lOO 
67 
166 
127 
103 
123 
*In a kg of eggs there are 1,000,000 eggs. 
Reference : Nunez and Pessoa (1989) 
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Temper. 
(oC) 
29-31 
28-29 
29-30 
29-30 
29-30 
29-30 
29-31 
30 
30 
26.5 
27-28 
29 
28 
27-31 
Surviving 
fry 
(%) 
32.13 
3.46 
63.14 
9.90 
67.79 
7.89 
54.95 
28.57 
59.25 
52 . 04 
4 5.41 
47.25 
36.28 
Table 11. Incubator 
gamitana 
America. 
types and 
eggs used 
parameters 
at various 
in incubation of 
regions in Latín 
Cont·ry 
Brazil 
North 
Northeast 
Goias 
Matto Grosso 
Southeast 
Colombia 
CIMPIC 
Lorica 
Repelan 
Unillanos 
Las Terrazas 
San Carlos 
Panama 
Divisa 
Peru 
Iquitos 
Tara poto 
Venezuela* 
Type Vol. 
(L) 
w 60 
w 60 
150 
200 
w 60 
w 200 
w 60 
w 
w 
w 
w 
w 
w 
w 
200 
60 
60 
60 
200 
60 
200 
60 
200 
60 
200 
200 
Density 
(g egg/L) 
1.25 
0.63-2.0 
0.50-2 . 0 
0.50-2.0 
2.0 
l. 50-3. o 
1.25 
1.0-2 . 0 
1.0-2.0 
2 . 5 
2.50-3.33 
3.33 
l. 66 
2.50-3.75 
3 . 33 
2 . 50-3.75 
. 2 . 5 
1.5 
l. 33 
0.75 
1.3 
w 
w 
6 0 . 5 
20-30 3.0 
w 20 0.5 
W: Woynarovich incubator 
* Reported 1 million eggs/kg of ovary. 
Water 
L/min 
2-5 
0 . 5-5 . 0 
<8 
<10 
4.0 
3.0-4 
1.0-1.5 
Temp. 
( o c ) 
25 . 30 
2 7-28 
26-27 
26-27 
29 
Hatching 
Ti me 
( h) 
12-18 
16-18 
19 
18 
14 
References: 2, 3, 4, 6, 7, 10, 11, 16, 19, 21, 22, 23, 24, 26, 40, 53, 54, 61, 
69, 82, 88, 94, 99, 103, 109, 124, 126, 127, 130, 149, 1 50, 151. 
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Table 12. Physical and chemical characteristics of water U$ed in 
incubation of gamitana at various regions in Lati n 
America. 
Country Altitude* pH Oxygen Water Hardness 
(mg/L) Temp. mg / L 
( oc) 
Brazil 
North 5.8 6 . 0 27 
Northeast 22- 32 
Colombia 
Lorica 20 7.0 5.0 29 90 
Repelan 10 8.0 3.0-4 29-30 100-200 
Unillanos 420 7.0 6.0 26 20 
Las Terrazas 490 6.5 6 . 0 27 22 
Las Brizas 460 6 . 9 6 . 0 25-26 15 
San Carlos 1,050 8.0 6.0 25 20 
Panama 
Divi sa 7.5 6 . 0-8 27-28 17-98 
Gua laca 7.0 6.0-7 24-26 1 6-49 
Peru 
Iquitos 40 6.0 4.7-7.3 26- 30 20 
Tarapot.o 560 6- 7 4.0-7.0 25-29 80-100 
* Meters above sea leve l. 
References: 2, 3, 4, 5, 6, 7, 8, 10, 12 , 16, 19, 21 , 22, 23, 2 4 , 25, 26, 28, 
29, 32, 34, 37, 40, 41, 49, 54, 55, 66, 691 74, 78, 79, 81, .82, 88, 94 , 95, 
96, 99, 103, 104, 109, 112, 118, 126, 130, 132, 140, 1 41, 143, 1 51. 
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Table 13. Age, total weight and total length of garnitana l arvae, 
fry, and fingerlings. 
Age Total length Weight 
( d) (mm) (mg) 
Pre-larvae* 
1 3.5 0.7 
2 5.3 1.4 
3 5.9 1.9 
Post-larvae 
5 6.4 6 . 0 
7 10.8 12.6 
8 11.8 20.0 
11 14.6 56.2 
Fry 
l5 20.3 116.8 
19 23.7 175.6 
Fingerling* 
23 25.0 297 . 0 
27 28.7 431.8 
29 30 . 2 506.8 
32 40.0 4800 . 0 
* Terrninology used in Brazil (DNOCS). 
Weight range 
(rng) 
1.6-2.3 
8.4-16.7 
16.0-23.0 
28.0-84.0 
75.0-94.0 
101.0-283.0 
157.0-369.0 
223.0-685.0 
303.0-677 . 0 
Referencces: Guimaraes and Senhorini (1985), Woynarovi ch (1986), 
Bermudez (1979), Alcantara (1985), and Valencia (1989 ) . 
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Table 14. Relation Detween weight and total length in gamitana 
larvae and fry. 
Total length 
(cm) 
1.25-1.35 
l. 35-1.50 
l. 50-l. 60 
1.60-1.70 
1.70-1.75 
1.90-2.0 
2.00-2.10 
2.10-2.30 
2.25-2.40 
2.30-2.50 
2.45-2.60 
2.60-2.75 
2.70-2.85 
2.80-2.95 
3.00-3.15 
3.10-3.25 
4.5 
Weight 
( g) 
0.021 
0.035 
0.042 
0.056 
0.064 
0.081 
0.11 
0.14 
0.17 
0.20 
0.24 
0.26 
o. 31 
0.35 
0.40 
0.50 
5.0 
Standard error 
0 . 062-0.075 
o. 075-1.000 
o. 108-0. 121 
0.123-0.165 
0.151-0.186 
o .165-0.225 
o. 218-0.275 
0.243-0. 325 
0.307-0.330 
Guimaeras and Senhorini (1985), Alcantara (1985), Bermudez 
(1979) , Alvarado (1980). 
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Table 15. Types of zooplankton found in stomach contents of 2-15 
cm gamitana raised in ponds in Latin America. 
Rotifers Cladocera Copepoda 
o .1-1. o mm 
Keratell small (0.2-0.5 mm) cyclopida: 
Brachionus Bosmina cyclops 
Po'lyarthra A l ona 
Conochilus Chidorus Cal ano id 
Synchaeta Large (1-5 mm) Diaptomus 
Filina Daphnia 
Moina Haypacticoid 
Simocephalus Canthocamptus 
References: Guirnaeras and Senhorini (1985); Campos (1986) 
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Table 16. Types of food used in fingeling (=post-larvae, PL) 
production of gamitana at various regions in Latin 
America. 
Country 
Brazil 
Northeast 
Betume 
Goias 
Density 
(PLJm 2 ) 
15-200 
600 
100-150 
Mato Grosso 100-400 
Colombia 
CINPIC 
Lorica 
Repelan 
Llanos 
Pan ama 
Divisa 
Peru 
Iquitos 
200 
200-500 
200 
400-600 
200-300 
Food 
Kgfday/103 PL 
0.5 
1.0-2.0 
0.5-7.5 
0.5 
5-10% Wbw* 
20% Wbw 
2-4 gjm2 
Composition 
18-3 1 % protein 
18-31 % protein 
Corn(50%) + 
Soybean(25%) + 
meat meal(25%) 
Chicken food ( 40% 
protein) 
Meat 
blood 
meal 
meal 
+ 
+ 
rice bran 
protein) . 
(40% 
Fish meal+Wheat 
bran + rice bran 
( 3 5 4 5 % 
prottein) 30% 
protein 
30% protein 
Fish food (24-
25%· protein) 
25-30% Protein 
Chicken food 
(30% protein) 
Pl = Post-larvae = gamitana 5 days after hatching . 
*Wbw : wet bbody weight 
In Brazil, Panama, Colombia and Peru the culturist fertilize ponds with 
chicken manure (90-200 gjmZ/15 days), and P20 5 (2.5 gjm 2 /15 days). 
Ref.erences: 2, 3, 4, · 6, 7, 113, 14, 16, 19, 22, 23, 28, 32, 37, 47, 52, 55, 
60, 63, 65, 74, 78, 81, 82, 87, 94, 96, 103, 109, 112, 124, 126, 130, 151. 
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Table 17. Pond preparation for stocking post-larval gami tana 
used at various regions in Latin America. 
Country 
Brazil 
Northeast 
Colombia 
Lorica 
Repelan 
AIPE 
UNILLANOS 
Pan ama 
Divisa 
Peru 
Iquitos 
Tarapoto 
Are a 
(Ha) 
0.04-0.5 
0 . 02-0.06 
0,002 
0.02-0.04 
0.04-0.09 
Fertilizer 
g¡mz 
Calcium 
(100) 
Manure 
(100-300) 
P205 
(6) 
Calcium+ 
manure 
Manure 
( 28 o) 
P205 
Calcium+ 
Urea 
Calcium oxide 
(100) . 
Chicken manúre 
(100) 
Urea (15-15-15) 
( 2. 5) 
Calcium oxi de 
(64) 
Chicken manure 
(100) 
straw 
(10-20) 
Calcium oxide 
(100) 
Chicke n manure 
(100) 
Biocide 
(ppm) 
Folid0l 
(0.25-0 . 5) 
Dipterex 
(l. O) 
Neguvon] 
(0.5) 
Baytex 
(0.125) 
Diessel+ 
(7.5 ml¡mz) 
Motor oil 
(0.25 ml¡mz 
Neguvon 
(l. o) 
Methyl Parathion 
(0 . 25) 
References: 2, 3, 4, 6, 10, 11, 12, 13, 14 , 15, 16, 19, 21, 22, 26, 28, 29, 
37, 40, 47, 52, 53, 63, 64, 65, 66, 79, 82, 94, 103, 104, 116, 124, 126, 130, 
151. 
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Table 18. Extensive production of gamitana replicated in earthen 
ponds in Venezuela. 
Reference 
Novoa and Ramos Martinez 
Factor · (1982) (1984) 
cited by Martinez 
1984 
Food ·Chicken manure Fruits 
(Fertilizer) 
size of pond (m:<.) 6800 300 
Density # fm:<. 0.38 0.21 
Initial weight ( g) 46 . 6 7.8 
Final weight (g) 616.8 1814 
Duration ( d) 298 669 
Growth ( g) 1. 68 1.9 
Production 
kgjhajyear 2000 2700 
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Table 19. Semi-intensive monoculture of gamitana in earthen 
ponds in Latin America. 
Factor Brazil Colombia Venezuela 
Lovshin et al. Valencia and Martinez 
(1980) Puentes (1989) (1984) 
Food type Chicken food Chicken food Pellets 
Replication 3 3 3 3 3 3 
Protein ( %) 16 29 17 27 15 16 
Are a (m2) 250 300 200 300 1,127 20,000 
In.i,tial N!l/m 2 0.5 1.0 1.0 1.0 0.12 0.43 
Initial average 
weight ( g) 6 . 0 25.0 20 57 230 85 
Final average 
weight (g) 890 1,490 443 900 1,025 1,400 
Duration (d) 182 365 180 300 120 1 9 1 
Mortality (%) 2.8 13 . 7 2.5 6.0 6.0 3. 0 
Food Conversion 1.6 3.1 1.5 2.9 1.7 6.9 
Production 
(kg/ha/year) 6,092 10,441 8,052 9,07D 2,500 10,931 
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Table 20. Culture of gamitana in earthen ponds in Colombia 
(Valencia and Puentes 1989) 
Factor 
Food Type 
Protein % 
Energy (Kcal/Kg) 
Pond Size (m2) 
Density (#/m2) 
Initial Weight (g) 
Final Weight (g) 
Duration (d) 
Mortality (%) 
Growth (g/d) 
Conversion Rate 
Total Productivity 
(Kgfhafyear) 
Net Productivity* 
(Kg/hafyear) 
* Net Productivity 
Diet I Diet II Diet III Di et IV 
Pellets Pellets Pellets Pellets 
23 2S 27 2S 
2,800 2,800 2,800 2,800 
200 200 2 00 200 
1 1 1 1 
S7.88 S2.66 47 . 3 1 32 . 03 
799.S 731.14 900.22 368. 67 
300 300 300 300 
S 6 10 S 
2.47 2.26 2.84 1.037 
2.4 2.83 2.9 2 . 91 
9,070 8,250 9,7 60 8,280 
8,520 7,7SO 9,430 7,677 
Fina l tottal weight/ha - Initia1 total weight /ha . 
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Table 21. Culture of gamitana in earthen ponds (Luis Campos, 
unbpubblished information, Universidad Nacional de la 
Amazonía Peruana, Iquitos, Peru. 
Factor 
Protein (%) 
Pond size (m2) 
Density (fishfm 2 ) 
Initial Weight (g) 
Final Weight (g) 
Duration (d) 
Mortality (%) 
Growth ( g 1 d) 
Food Conversion 
Productivity 
(Kg/hafyear) 
Diet I 
(corn) 
9 
100 (n=2) 
1 
27.0 (± 7) 
80.5 (± 27) 
90 
12 
0.58 
5.74 
1,880 
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Diet II 
(rice bran) 
13.4 
100 (n=2) 
1 
28.0 (± 8) 
78.6 (± 20) 
90 
14 
0.55 
6.58 
1,720 
Diet III 
(pellets) 
20 . 61 
100 (n=2) 
1 
26 (± 9) 
136 (± 36) 
90 
6 
l. 22 
3 .70 
4,136 
.... 
Table 22. Proximate analysis of diets used in experiments cited 
in Table 21. 
Ash Fiber Fat Protein Energy: 
(%) (%) (%) (%) kcaljkg 
Diet I 1.5 2. 3 4 .2 9.0 3,307 
(corn) 
Diet II 11.1 11.3 14.5 13.4 3,268 
(rice bran) 
Diet III 7.15 5.69 8.37 20.61 3,254 
(pellets)* 
* Fish me al 19% 
Corn 36% 
Rice bran 35% 
Manioc 10% 
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Table 23. Production of gamitana in earthen ponds in Instituo de 
Investigaciones de la Amazonia Peruana, Iquitos, Peru. 
Factor 
Species 
Food type 
Protein (%) 
Area (m2) 
Density (#/m2) 
Initial Weight 
( g) 
Final Weight 
( g) 
Campos 
(1989) 
Unpublished 
Gamitana 
Pellets 
30 . 7 
1440 
1.2 
20.5 ± 1.76 
158.9 ± 16.4 
Duration (d) 300 
Mortality (%) 10 
Food Conversion 6 
Production 
(kgjhajyear) 1,838 
Growth (gjday) 0.46 
Ration 
(% body weight) 3 
Campos 
{1989) 
Unpublished 
Gamitana 
Pellets 
30.7 
2940 
0 . 8 
Campos 
{1989) 
Unpublished 
Hybrid* 
Pellets 
30.7 
2640 
1.2 
13.05 ~ 2.23 14.79 ± 1.3 
199 . 57 ± 19 163 ± 6 . 4 
300 300 
6 8 
3.84 4.61 
2,103 1,965 
0.62 0.49 
3 3 
* Hybrid: gamitana female X paco male. 
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Table 24. Proximate analysis of diets used in experiments cited 
in Table 23. 
Ingrediet % Protein Energy Fiber Ash Lipid 
(%} Kcal/kg (%} (%} (%} 
Blood mea l 15 12 330 0.15 0 . 64 0.15 
Fish meal 15 9.8 277 0.15 2 . 25 0 . 61 
Chi.cken manure 10 0.8 60 0.60 0.40 0.20 
Rice bran 30 3.6 628 l. 02 2 . 20 3.90 
Wheat bran 29.9 4.5 285 0.86 1.50 1.22 
Vit+Mineral 0.1 
100 30 . 7 3225 2.78 6.99 6.08 
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Table 2 5. Polycul ture wi th gami tana 
Centro de Investigaciones 
Peru. 
in earthen ponds in the 
Jenaro Herrera 1 Iqui tos 1 
Factor 
Species 
Food Type 
Proteins 
Pond Size 
(m2) 
Density 
( # jm2) 
Initial Wt. 
(g) 
Final'Wt. 
(g) 
Durati.on (d) 
Mortality 
(%) 
Growth (g/d) 
Food 
Conversion 
Production 
(Kg/ha(year) 
Total 
(kg/ha(year) 
Campos 
(1986) 
Unpublished 
Gamitana + 
Tilapi 
Q_,_ niloticus 
pellets 
8.88 
140 (n=2) 
Gamitana 0.5 
Tilapia 1.0 
Gamitana 30 ± 1.6 
Tilapia 46.8 ± 2.8 
Gamitana 85.7 ± 3.7 
Tilapia 109.32 ± 2 . 6 
120 
o 
Gamitana 0.46 
Tilapia O. 52 
2.9 
Gamitana 833 
Tilapia 1, 875 
2,708 
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Campos 
(1986) 
Unpublished 
Gamitana + 
Prochilodus 
niqricans 
pellets 
8.88 
140 (n=2) 
Gamitana 1.0 
Prochi l odus 0 .5 
Gamitana 21.9 ± 2.51 
Prochilodus 25.25 ± 2. 84 
Gamitana 64.5 ± 4 
Prochilodus 56.0 ± 2.2 
120 
o 
Gamitana 0 . 35 
Prochilodus 0.25 
3 
Gamitana 1,278 
Prochilodus 457 
1,735 
Table 26. Diet used 1n experirnents surnrnarized in Table 25 . 
Ingredient Protein Fat Fiber Ash Energy 
(%) (%) (%) (%) (%) (Kcalfkg) 
Rice bran 5.0 3. 2 6.4 5.68 837.2 
(40) 
Manioc rneal* 0.42 0.1 0.6 l. 88 700 
(20) 
Corn rneal 3.4 l. 44 1.0 0.52 1,004.4 
(40) 
Total (100) 8 , 82 4 . 74 8.0 8 .08 2,541.6 
* Manihot .§12..:... 
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Table 27. Culture of ggamitana in tanks in the Centro de 
Investigaciones Jenaro Herrera, Iquitos, Peru (Campos 
1988; unpublished). 
Descriptor 
Protein (%) 
Tank size (m3) 
Density (#/mz) 
Initial weight 
( g) 
Final weight 
( g) 
Duration (d) 
MOrtality (%) 
Growth (g/d) 
Food rate % 
Conversion 
Production 
(kg jm3jyear) 
Temperature ( °C) 
Diet I 
with Kudzu 
me al 
10 .35 
10 (n=2) 
1 
2.65 ± 0.48 
56.66 ± 6 
270 
o 
0.196 
5 
7 . 5 
0.072 
25-26 
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Diet II 
With cetico 
meal 
8.54 
10 n=(2) 
1 
3.95 ± 0.78 
123.66 ± 13 
270 
o 
0 . 440 
5 
6 
0.161 
25-26 
Diet III 
With fish 
meal 
23.62 
10 n=(2) 
1 
3.90 ± 0.41 
216.3 ± 21.32 
270 
o 
0 . 786 
5 
3.0 
0.287 
25 - 26 
Table 28. Ingredients and proximate analysis of diets used in 
experiments cited in Table 27. 
Ingredient/ Diet I Diet II Diet III 
Analysis (%) (%) (%) 
Kudzu meal* 30 
Cetico meal** 30 
Fish me al 30 
Corn meal 30 30 30 
Manioc meal*** 30 30 30 
Rice bran**** 10 10 10 
Protein (%) 10 .35 8.54 23.62 
Energy (Kcaljkg) ~,486 2,488 3,120 
Fat (%) 3.45 3.85 5.41 
Fiber (%) 13.83 8.52 l. 67 
Ash (%) 3.31 2.85 5.56 
* Pueraria ]2haseoloides 
** Cecro12ia sp. 
*** Manihot sculenta 
**** oriza sativa 
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Table 29. Gamitana production trials in net cages using .pel leted 
food in Venezuela. 
Descriptor · 
At stocking 
Cage size (3 ) 
Density (#/m2) 
Initial wt. (g) 
Yield at harvest 
Total wt. (kg) 
Final wt. (g) 
Yield (kg/m3 ) 
Mortality (%) 
Duration (d) 
Protein (%) 
Ration (%) 
Temperature 
(oC) 
Nino and Sala y 
(1984) 
------------------
8 8 8 
50 50 25 
1.9 1.8 3.5 
73.2 31.7 70.4 
191 80 361 
9 4 9 
2.5 1 2.5 
210 210 363 
50 26.5 50 
3 3 3 
27 27 27 
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Darmond and 
Salaya (1984) 
------------------
8 8 8 
25 10 20 
2.8 4.1 4.0 
57.9 6.9 11.2 
297 95 83 
7 0.82 l. 62 
3 9 16 
363 240 240 
50 16 16 
3 5 5 
27 24.2 24.2 
Table 30. Formula of "PREMIX" used in Brazil in gamitana 
culture. 
Vitamins/kg Mineraljkg 
A 600,000 UI Iron 
D3 100,000 UI Copper 
E 6,000 UI Zinc 
K3 1.2 g Iodi ne 
Ascorbic acid* 50 g Cobalt 
B1 (Thiamin) 2.4 g Seleniuro 
B2 (Riboflavin) 2.4 g 
Pantothenic acid 6.0 g 
Niacin 12 g 
B6 (Pyridoxine) 2.4 mg 
H (Biotin) 24 mg 
Folie a cid 600 mg 
Chlorate of Choline* 55 mg 
B12 2.4 mg 
Inositol 10 g 
Antioxidant BHT 5 g 
* Ascorbic acid and Choline must be separatly added. 
Reference : Cantelmo and De Sousa (1986b) 
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5 g 
0.3 g 
3.0 g 
10 mg 
1.0 mg 
10 mg 
Table 31. Chemical composition of diets suggested in culture of 
gami tana in the Direccion de obras Contra As Secas 
(DNOCS), Fortaleza, Brazil 
Components 
Protein 
Fat 
Fiber 
Ash 
Humidity 
Nitrogen free 
Energy 
Fish meal 
Meat meal 
Amino acids 
Arginine 
CystinejMethionine 
Histidines 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Thyptophan 
Valine · 
Minerals 
Calcium 
Phosphorus 
Vitamins per 
Pro-Vi t. A 
-VitaminA 
Riboflavin 
Thiarnin 
kg 
Pantothenic a cid 
Niacin 
Vi t. B12 
Choline 
Folie Acid 
Pyiridoxine 
Biotin 
of 
Reference Campos 
Average 
28% 
6 % 
12% 
9 % 
10% 
35% 
2400 kcaljkg 
5 % 
5 % 
Lowes level (%) 
diet 
1.5 
0.4 
0.6 
0.7 
1.7 
1 . 4 
0.5 
1.1 
0.6 
0.3 
0.5 
1.0 
0.7 
5000 
1000 
7 
2 
25 
75 
0.02 
1500 
0.7 
2.0 
0.1 
(1986) 
UI 
UI 
mg 
mg 
mg 
mg 
rng 
mg 
mg 
mg 
mg 
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Range 
22-35% 
3-10 % 
7-2 0 % 
7-13 % 
7-13 % 
20-50% 
7 kcaljg protein 
2-15 % 
0-15 % 
Highest level (%) 
2.0 
0.6 
1.0 
1.5 
2.5 
2.0 
0.8 
1.5 
1.0 
0.4 
1.5 
1.6 
1.2 
20000 
2000 
10 
3 
30 
150 
0.03 
2000 
1.0 
3.0 
0.3 
UI 
UI 
mg 
mg 
mg 
rng 
mg 
mg 
mg 
mg 
mg 
Table 32. Chemical composition of 
ingredients for gami tana 
America. 
frequently used 
culture used i n 
Component 
Protein (%) 
Fat (%) 
Fiber ( %) 
Ash (%) 
Energy 
Kcal/kg 
Minerals 
Ca (%) 
p (%) 
K ( %) 
Cl (%) 
Mg (%) 
Na (%) 
S (%) 
Cu (mgjkg) 
Fe (mg/kg) 
Mn (mg/kg) 
Se (mg/kg) 
Zn (mg/kg) 
8lood 
86.50 
1.4 
1.1 
7. 1 
2844 
0 . 48 
0 . 24 
0 . 09 
0.25 
0.22 
0.39 
0.34 
50 
2784 
6 
Amino acids (%) 
Dry matter 
Arginine 
Glycine 
Histidine 
Isoleuci.ne 
Leucine 
Lysine 
Methionine 
Cystine 
Phenilalan 
Tyrosine 
Serine 
Threonine 
Tryptophan 
Valine 
Vitamin 
(mgjkg) 
Biotin 
Choline 
Folie Acid 
Niocin 
Pantothenic 
Vit. 84 
Riboflavin 
Thiamin 
Vit. 812 
Vit. E 
Vit. K 
93 
3.60 
3.85 
5 . 20 
0 . 91 ¡ ~ 
0.88 
o. 72 
5 . 92 
2 . 27 
3 . 55 
3.65 
1.05 
7.56 
0.30 
645 
0.4 
24 
3.5 
4 . 5 
3 . 1 
0 . 3 
13 
Corn 
8.9 
3.8 
2 . 6 
13.0 
3417 
0.03 
0.26 
0 . 33 
0.04 
0 . 12 
0 . 03 
0.11 
4.0 
27.0 
5.0 
0.07 
13 
89 
0 . 43 
0 .37 
0 . 26 
0.35 
1.21 
0.25 
0.17 
0.22 
0.48 
0.38 
0.50 
0.35 
0.08 
0.44 
0.07 
502 
0.3 
25 
5.9 
4 . 7 
1.2 
3 . 4 
22 
0.2 
Anchovy 
65.5 
4 . 1 
1.0 
14.5 
2866 
3.75 
2.49 
o. 72 
1. 0 
0 . 25 
0.88 
0.77 
9 . 0 
218 
ll.O 
l. 35 
105 
92 
3.77 
3.69 
l. 61 
3. 10 
4.99 
5. 04 
l. 99 
0.60 
2.78 
2.24 
2.41 
2.76 
0.75 
3 . 50 
0.20 
3709 
0.2 
82 
10 
4.6 
7.5 
0.5 
214 
5 . 0 
Rice 
12.7 
13.7 
11.6 
11.6 
1630 
0.07 
1.54 
l. 74 
0 . 07 
0.94 
0 . 03 
0.18 
13.0 
190 
376 
0 . 40 
29 
9 1 
0.72 
0.80 
2.23 
0.46 
0 . 70 
0 . 49 
0.23 
0.10 
0 . 44 
0.69 
0 . 77 
0.46 
0 . 10 
0.69 
0.43 
1230 
2.2 
300 
22 . 8 
2.6 
22.4 
60 
Sorghum 
11.1 
2.8 
2.4 
1.5 
3250 
0.03 
0.25 
0.35 
0.09 
0.16 
0 . 03 
0 . 13 
10 
45 
16 
0.44 
170 
90 
0.39 
0.34 
0.23 
0.45 
1.44 
0.25 
0.13 
0 . 20 
0 . 56 
0.41 
0.50 
0.36 
O.ll 
0.52 
0.38 
661 
0.2 
39 
11.2 
4.5 
1.2 
4.2 
10 
Wheat 
15.2 
3.9 
10 
6. 1 
173 4 
0 . 11 
1.22 
1.38 
0.05 
0. 53 
0 . 0 4 
0.22 
13 . 0 
114 
111 
0. 38 
114 
89 
0. 9 6 
0. 86 
0.39 
0.52 
0.92 
0. 58 
0. 19 
0.32 
0 . 55 
0 . 42 
0.68 
0. 46 
0.25 
0. 09 
0. 29 
1 596 
1.4 
238 
29.7 
8.5 
4 . 1 
7 .0 
18 
0.2 
feed 
Latin 
Soy b ean 
42.9 
4.8 
5 . 9 
6. 0 
2425 
0 . 26 
0.61 
l. 79 
0.07 
0.25 
0.03 
0 . 33 
22.0 
157 
31 
0.11 
60 
90 
3.07 
2.38 
1.14 
2.63 
3 . 62 
2 . 79 
0. 65 
0.56 
2.20 
1.55 
2.01 
l. 72 
0. 61 
2.28 
0.33 
2623 
6.4 
3 1 
14 .3 
6.5 
3.4 
3.9 
7 
Reference: Stickney et al. (1984); McDowel l (1974), campos a nd Tacan (1988) 
Scientific names and international c ode: blood meal (5-00-381) ; corn ( 4-02-
935), Zea maiz; anchovy (5-01-985), ~ ringens; rice (4~03-92 8 ), ~ sativa; 
sorghum (4-04-383), ~bicolor; wheat (4-05-190), ~ aest ivum; soybean (5-04-
600) ~ max ima. 
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Table 33. Chemical composition of diets suggested for gamitana 
culture in five countries in Latin America 1 • 
Components 
Fish meal (%) 
Soybean meal (%) 
Rice bran (%) 
Wheat bran (%) 
Corn (%) 
Salt (NaCCl) (%) 
Vitamins+minerals (%) 
Protein (%) 
Fat (%) 
Fiber (%) 
Ash ( %) 
Energy (Kcaljkg~ 
Kcaljg protein. 
Calcium (%) 
Phosphorus (%) 
Potassium (%) 
Chlorine (%) 
Magnesium (%) 
Sodium (%) 
Sulfur (S) % 
Copper (Cu) mgjkg 
Iron (mgjkg) 
Manganese (Mn) 
Seleniuro (mgjkg) 
Zn (mgjkg) 
Fingerlings2 Juveniles3 Broodstock 
20 
30 
15 
10 
23 
1.0 
1.0 
32 
5.5 
5 
10 
2684 
8.23 
0.85 
0.64 
1.15 
0.09 
0.34 
0.20 
0.32 
13.4 
136.8 
80 
0.41 
58 
10 
20 
20 
20 
28 
1.0 
1.5 
25 
6 
6 
9.8 
2393 
9.6 
0.46 
0.76 
1.14 
0.074 
0.40 
0.11 
0.25 
13.4 
121.5 
106 
0.33 
55 
10 
40 
o 
25 
23 
l. O 
1.5 
31 
4.25 
5.5 
8.2 
2386 
7.63 
0.50 
0.63 
l. 20 
0.74 
0.28 
0.11 
0.28 
16.1 
119.3 
42 
0.29 
66 
1 Brazil, Colombia, Venezuela, Panama, Peru 
2 First 2 months 
3 Months 3 to 12 
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Table 34. Amino acid and vitamin content of the diet suggested 
in Tab1e 34 for Latin America. 
Component Fingerlings Juveniles Broodstock 
Amino acids (%) 
Arginine l. 97 1.44 -1.79 
Glycine l. 74 l. 28 l. 62 
Histidine l. 09 0.98 0.77 
Isoleucine l. 61 1.13 l. JO 
Leucine 2. 33 l. 61 2 .23 
Lysine 2.02 l. 34 l. 81 
Methionine 0.68 0.47 0.54 
Cystine 0.38 o. 31 0 . 41 
Phenylalanine l. 44 l. 05 - l. 40 
Tyrosine 1.15 0 . 86 l. 03 
Serine . l. 38 l. 07 l. 32 
Threonine l. 26 0.90 1.16 
Tryptophan 0.39 0.29 o. 40 
Valine l. 59 l. 08 l. 38 
Vitamins (mgfkg) 
Biot.i,n 0.24 0.24 0 . 24 
Choline 1988 1601 1 925 
Folie a cid 2.50 2.11 3 
Niacin 100 129 86 
Pantothenic a cid 14 19.5 24 
B6 4.8 4.77 6.26 
Riboflavin 3.59 3.10 4.0 
Thiamine 6 . 11 7. 6 4 .. 1 
B12 42.8 42 . 8 42.8 
E 18 . 9 23 .6 12 . 8 
K 0.06 0.09 0.09 
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Figure 2. Fingerling (3 cm-TL) paco, R· brachypomus Figur~ 3. Fingerling (3cm-TL) garnitana, Q. rnacropornus 
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Figure 6. Fiberglass Woynarovich incubator. 
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Fi gure 7. Woynarovich incubator design, 50 L capacity. 
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Universidad Nacional de la Amazonia Peruana, !quitos. Peru; Tables 21-22 
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in the Instituto de Investigaciones de la Amazonia Peruana, !quitos, Peru ; Tables 23-
24 . 
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